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ON THE DARK MARKINGS OF THE SKY 
WITH A CATALOGUE OF 182 SUCH OBJECTS 
By E. E. BARNARD 


It would be unwise to assume that all the dark places shown 
on photographs of the sky are due to intervening opaque masses 
between us and the stars. In a considerable number of cases no 
other explanation seems possible, but some of them are doubtless 
only vacancies. . 

I do not think it necessary to urge the fact that there are obscur- 
ing masses of matter in space. This has been quite definitely 
proyed in my former papers on this subject. If any doubt remains 
of this it will perhaps be readily dispelled by a close examination 
of the photographs previously printed. The conclusive ones I 
think are: 

1. The photograph of the nebula about Nu Scorpii' which 
clearly shows partial and complete obscuration by the great wing- 
like nebula that covers much of the immediate region of Nu Scorpii 
and extends southward to the great nebula of Rho Ophiuchi. 

2. The region of Rho Ophiuchi, where a large space of sky is 
blotted out by a great and beautiful nebula.? The fact of obscura- 
tion is clearly evident here, for wherever a trace of the nebula 


t Astrophysical Journal, 31, 1910, Plate I, facing p. 8. 


2 Ibid., Plate IIa, facing p. ro. 
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extends, especially to the west, the general background of small 
stars is sharply blotted out. 

3. Especially conclusive is the object (No. 7) which is shown 
in an article in this Journal" on a nebulous background in Taurus, 
where a nebula, only partly luminous, seems to fit in a hole in the 
sky. Even a casual inspection shows that this nebula can be 
feebly seen over the entire spot where all the stars are blotted out 
sharply, and that the absence of stars is due to the obscuring pres- 
ence of the nebula. This object is really the key to the explana- 
tion of most of the dark regions of the sky. 

4. The small black spot (No. 92) shown in the photographs 
in this Journal for December 1913,? where visual observations 
prove the existence of a material object. 

To me these are all conclusive evidence that masses of obscuring 
matter exist in space and are readily shown on photographs with 
the ordinary portrait lenses. What the nature of this matter may 
be is quite another thing. Slipher has shown spectroscopically? 
that the great nebula about Rho Ophiuchi is probably not gaseous; 
that is, it does not have the regular spectrum of a gaseous nebula. 
The word ‘“‘nebula,”’ nevertheless, remains unchanged by this fact, 
so that we are free to speak of these objects as nebulae. For our 
purpose it is immaterial whether they are gaseous or non-gaseous, as 
we are dealing only with the question of obscuration. In the pres- 
ent paper it is intended to give a catalogue of some of these objects 
and to show further examples of obscuration and other peculiarities, 
and to try to emphasize the fact that they are not necessarily 
confined to the Milky Way but are found in other parts of the sky 
as well; and also to bring as much evidence as possible to prove that 
these extra-galactic objects show that space is itself more or less 
luminous. 

Outside of these examples, where the object is partly luminous, 
there are a number of others which appear to be entirely devoid 
of light. These are naturally best shown on the bright background 


Astrophysical Journal, 25, 1907, Plate XI, facing p. 219, and Plate XII, facing 


p. 221. 
2 Tbid., 38, 1913, Plates XIX and XX, facing p. 496. 


3 Lowell Observatory Bulletin, No. 75, 2, 155. 
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of the Milky Way, against which they appear black on the photo- 
graphs. Fine examples of these Milky Way objects are the black 
spots in a = 18"8™, § = — 18°16’ (No. 92), and ina =17"55™, 6=—28° 
(No. 86), which are so striking in photographs of the star-clouds 
in Sagittarius." 

The last of these two is very remarkable when seen in a 5-inch 
telescope with a low power. In such an instrument it appears like 
a drop of black ink on the bright background of the Milky Way. 
It was found in my comet-seeking in the early eighties.? On 
account of its extreme blackness it was one of the most impressive 
objects in the Milky Way. I examined it with the 36-inch refractor 
of the Lick Observatory with a power of 350 and a field of 6’, on 
August 18, 1895. It nearly filled the field of view. The western 
half was fairly well defined, while the eastern half was more diffused. 
Considerable nebulosity seemed to be connected with it. A photo- 
graph on July 11, 1917, with the Crossley reflector, kindly sent me 
by Dr. H. D. Curtis, shows this black spot to be very remarkable, 
having considerable nebulosity connected with it. On his photo- 
graph its southwest side is very sharply defined, closely resembling 
in this respect the east side of the black spot in a = 18"8™, §6= —18° 
16’ shown in Plate XX.5 Its east side, like the west side of the 
foregoing object, is more or less diffused. The star C.D. —27°12302 
(7@4) is on the northwest border, while —27°12310 (gMo) is close 
east of the spot. The beautiful cluster of small bright stars, 
N.G.C. 6520, is also close east. 

Visual observations actually show, however, that the object 
No. 92 is really feebly luminous. All those that are in the Milky 
Way are not necessarily devoid of light, for they may appear black 
by contrast with the greater brightness of the Milky Way. There 
are numerous examples, however, which are not in the Milky Way 
and which are perhaps entirely devoid of light. It would seem that 
such a body would be lost in the blackness of space, but they are 


*See various plates in Publications of the Lick Observatory, 11, and especially 
Plates 49 and 54. 

2 See Astronomische Nachrichten, 108, 370, 1884, where it is described as “‘a small 
triangular hole in the Milky Way. Perfectly black,’some 2’ diameter, much like a jet 
black nebula.” 


3 Astrophysical Journal, 38, 496, 1913. 
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visible as black objects against space itself. I have previously 
explained this anomaly" by suggesting that space is probably filled 
with a feeble light which forms a slightly luminous background for 
these dark bodies. Further investigations have fully convinced 
me that this is actually the explanation of the phenomenon, for 
there is no evidence of an ordinary nebulous background in these 
cases. Furthermore, this feeble illumination is widespread and 
undoubtedly universal (so far, at least, as our stellar universe is 
concerned), for these dark objects are found in opposite parts of the 
sky, where there are few stars, and away from any possible brighter 
background. 

One of the finest examples of a dark object seen against the 
ordinary sky and away from the Milky Way is No. 15, shown on 
the photographs in a = 4522™50°, 6= +46°21’. It is elliptical, 10’ by 
15’ in diameter. The background on which the stars shine is uni- 
form over the entire plate. The object is in a region somewhat 
larger than itself, where there are relatively few stars, and is black 
by contrast with the sky alone. It clearly shows the presence of 
a feeble uniform luminosity in space which, from the appearance 
of similar objects in widely different parts of the sky, leads to the 
belief that this feeble illumination of distant space is universal. 
If this object were seen against the star-clouds of the Milky Way 
it would appear strikingly black. 

There is another and very similar black spot (No. 48) in 
a=16553™, 6= —40°30’, close west and north of the eighth magni- 
tude star C.D. —40°11088. There can be no doubt that this is a 
material object. There are a number of other similar black masses 
in this region, as shown by the catalogue. 

Another excellent example of this class of objects is No. 160, in 
a =21534™47*, 6=+55°41’. The body of this marking is much 
broken with darker masses. It is convex to the north and passes 
just below (south of) B.D. +59°2291 (8“o). The western end 
curves to a slender “tail”? which ends close southwest of B.D. 
+59°2283 (8“2). The eastern end widens out into a large “‘head”’ 
containing much detail, which is more or less convoluted, with 
sharply defined projections like the horns of an insect. 

t Astrophysical Journal, 43, 1, 1916. 
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There seems to be no question but that this is a real, opaque 
object seen in projection against space. The stars in this region 
are too few to serve as a luminous background and there is no 
nebulosity to show it in dark relief, yet it stands out black and 
strong against the sky. 

In previous papers I have dealt mainly with the larger dark 
masses and occulting nebulosities. The smaller ones that are now 
treated of are perhaps more interesting in a way than the larger 
ones. They are more definite and in a sense more clearly show the 
effect of obscuration of the smaller stars. 

The small scale of the portrait lens accentuates the blackness 
and definiteness of these objects. This is a valuable asset in such 
a lens; it draws attention to peculiarities which might be lost by 
diffusion with a more powerful telescope. They are worthy of a 
careful study, however, with some of the large photographic reflect- 
ors. This has already been done, as I have stated, in the case of 
the black spot (No. 86) ina=17"55™, 6= — 28°, by Dr. H. D. Curtis 
with the 36-inch Crossley reflector of the Lick Observatory. I am 
sure that some of the objects shown in the present photographs will 
give very interesting results when similarly investigated. 

There are two regions which can be reached from the northern 
hemisphere that are specially rich in these dark markings: (1) the 
region immediately north of Theta Ophiuchi; (2) the region of the 
great star-cloud in Scutum near the cluster M11. There are other 
regions in which black markings occur, but these two contain the 
most striking ones, striking for their smallness and peculiarities. 

Some of the dark objects in the remarkable region north of 
Theta Ophiuchi are so strange in their forms that we would find it 
difficult to match them with similar forms among the real nebulae. 
This in itself would almost discourage the supposition that they are 
dark nebulae, and one would rather seek some other explanation for 
them. In other parts of the sky, however, there seems to be no 
need of hesitation in accepting them as real, obscuring masses, most 
probably dark nebulae. 

Perhaps one of the finest of the large dark regions (No. 78) lies 
several degrees southeast of Theta Opliuchi. It is a large, irregu- 
lar, dark spot some 3° in diameter and less definite on the eastern 
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side. There is considerable detail in it of a more or less nebulous 
character. This is specially evident near the bright star C.D. 
—26°12152 (6%2). Westward from this region a broken dark lane 
extends for about 5° to what I have called the “sink hole,” because 
of its peculiar form and outlines. This sink hole (No. 59) is full 
of rich detail. Similar structural detail shows at frequent intervals 
along the broken lane (which is about ?° wide) to its origin in the 
larger dark region southeast of Theta Ophiuchi. Splendid half- 
tone reproductions of this remarkable region have been published 
in Popular Astronomy. 

The bright nebulae seldom show extraordinary forms. Some 
of them, however, exhibit structural details and general forms that 
are very remarkable and that sometimes are very beautiful, such 
as the zigzag, streaky, or “‘lace’’ nebula in Cygnus, the great nebula 
of Orion, and many of the planetary nebulae. It is possible then 
that the objects north of Theta Ophiuchi are, after all, only excep- 
tions to the general run of nebulous forms and are similar to 
such objects as those in Cygnus and elsewhere among the bright 
nebulae. 

A peculiarity of the dark markings in the star-cloud in Scutum 
is that some of the well-defined spots are uniformly gray, while 
others are either entirely black or have much blacker, well-defined 
spaces in them. In nearly every case their outlines are very 
definite and few have stars in them. 

To the east of the 4"5 star B.D. —4°4582 (6 Aquilae) and north 
of the cluster M 11 is a beautiful region of dark structures (No. 111). 
It forms a wide crescent with the convex side to the west, sharply 
bounded by the neck and head of the splendid star-cloud in which 
M 11 is placed. It is irregular and broken to the east. Its width 
north and south is about 2°. This area is full of dark structures, 
the more conspicuous ones being Nos. 106, 107, 110, and 113. The 
two stars B.D. —5°4775 (8%3) and —5°4778 (8"4) are near the 
middle of this region. The center would be in about a=18"44™, 
§6=—5° 6’. 

In many cases one side of a dark marking is very definite, while 
the other side is diffused. This occurs so often that there must 

* Popular Astronomy, 14, 579 (December), 1906, Plates XIII and XIV. 
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be some reason for it. The same peculiarity is sometimes seen in 
the bright nebulae, the great nebula of Orion being a striking 
example. Three of these objects, which are very much alike, 
and which show this feature strongly, are No. 50, a=16"54™42°, 

= —34°12'; No. 143, a=19°35™30%, 5=+10°43'; No. 160, 
a =21"33™40°, 6=+55°40. The first two very closely resemble 
each other in size and form and the third differs from them only 
in a small degree. 

The dark object (No. 133) close to the g“2 star B.D. —7°4852, 
which looks like a negative of a comet with a curved tail, more or less 
fan-shaped, was examined with the 40-inch telescope July 14, 1917 
(see Fig. 1). It was clearly evident that there is a faint hazy object 
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Fic. 1.—Sketched from visual observations of Nos. 115, 117, 118, and 133, with 
the 40-inch telescope. 


at this place. It is dull and feebly luminous compared with the adja- 
cent sky. It is very dark at its south end and curves northward 
for nearly 10’. The northern part, which is more diffused, is broken 
by a few faint stars. Obscuring matter of some kind certainly exists 
at this point. Furthermore, it is not black except by contrast. In 
this respect it very much resembles the dark object (No. 92) in 
a=1858™, §= —18°16’, which was examined with the 4o-inch tele- 
scope in July 1913.’ Two other objects, Nos. 127 and 129, were 
carefully examined on this date. The object No. 127 is similar 
except in form to the one just described. It seems to be a dull, 
feebly luminous mass as in the case of the other, with no definite 
outline. Sweeping rapidly over these objects with the telescope 


t See Astrophysical Journal, 38, 496-501, 1913. 
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there is no hesitation as to their actual presence where the photo- 
graph shows them. There is no evidence of ordinary nebulosity 
at these points except the feeble, dull appearance described. 

One remarkable thing in this visual investigation is the con- 
spicuousness of the B.D. stars everywhere, while on the photographs 
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Fic. 2.—Sketch map of Plate I 


they are difficult to make out. Evidently the sky comes up lumi- 
nous on the photographs from the myriads of small stars not seen 
in the telescope. It is this general effect of unseen stars which do 
not show individually, either in the telescope or on the photograph, 
that helps to round out the great star-cloud. Doubtless there is 
not a star.on the plate that cannot be seen in the large telescope, 
but I am not sure of this. It is mainly the light from unseen stars 
that makes the white background of the photographs against which 
the dark markings show so conspicuously. 
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In these observations the sky was satisfactory and the seeing 
fairly good. To me the result is conclusive that these markings are 
real objects seen in dark relief on the bright background of the Milky 
Way. They are certainly not holes in the star-cloud. The definite 
outlines which appear so striking on the photographs are not seen 
in the sky. They are lost through the great magnifying power of 
the telescope. On July 18, 1917, the small objects Nos. 115, 117, 
and 118 were similarly examined and sketches made. The spot 
No. 118 shows some detail, or different degrees of darkness, while 
No. 117 is uniformly dark or dusky. 

The great partially dark nebula (No. 7) in a=4'4™14°, 
5 = + 28°28’, reference to which has already been made in the begin- 
ning of this paper, is irregularly round, with a wide extension to the 
west to about a=4'1™, 5=+273° or +28°. The object is unevenly 
dark with a brighter condensation in its eastern part. Its diameter 
along the east and west extension is 2°; north and south its diame- 
teris1°2. The bright condensation (No. 10) is 8’ in diameter and 
is in a=410™57°, 6=+27°58! There are several small, round, 
black spots in the northern part of the dark nebula. Their approxi- 
mate positions are: 


a a 
4" 8™ 6* +28°31/ 
4 9 26 +28 20. 
410 10 +28 21. 
410 44 +28 9. 


Indefinite; diameter 8’ 

Round; diameter 5’ 

Round; diameter 5’ 

Length 15’ north and south; width 5’; involving 
B.D. + 28°637 (o™s) 


° 


wna nw 


The region for some distance about this great dark nebula is 
very remarkable and suggestive. Beginning at about a=4"9™50°, 
§=-+27°25’, an irregular dark lane about 10’ wide with unequal 
dark markings in it runs southeast for 23° nearly to another large 
obscure nebula (No. 22). A similar dark lane beginning at a group 
of large dark spots (No. 18) in a=4>23™40%, 6=+24°5’, runs 
westerly in a curved and irregular manner for about 4°. 

These lanes are all definite and dark on the sky, independent 
of the background of stars. There are indications of considerable 


* See Astrophysical Journal, 25, 218, 1907, where photographs of the region are 
given. 
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areas of feeble nebulosity for several degrees in this region. These 
will be treated of in a later publication. 

No. 144 of the catalogue is a very large, unequally dark area in 
a very rich region of the Milky Way. Its general outlines are 
fairly distinct and somewhat abrupt except toward the south, 
where it widens out and becomes lost in the general groundwork. 
Over this large area the dense background of small stars is wanting, 
but there are scattered over it everywhere a great many stars, big 
and little. Its eastern side near the north end is partly covered 
by a protrusion over it of the denser part of the Milky Way, which 
quite obliterates it for a degree or more. The northern end of this 
area is more or less rounded and is terminated at the northeast side 
by a sharper projection in a = 20°3™, 5= +363°. This great partial 
vacancy is probably due to an actual thinning out of the small 
stars in this region, for it does not have the appearance of obscuring 
matter. 

To illustrate the remarkable appearance of some of these objects 
the accompanying half-tone plates have been prepared. These 
show the peculiarities as they appear on ordinary portrait-lens 
photographs. The brief descriptions of the objects shown in the 
illustrations are based on an examination of the original negatives. 
The engravings.are good, but they fail to show the more delicate 
structures which are so clear on the photographs and are such 
important features of these objects. Therefore, if there should be 
any difficulty im identifying all the features described, it must be 
attributed to the failure of the half-tones to show them. 


DESCRIPTION OF THE PLATES 
PLATE I 


This shows the region north of Theta Ophiuchi and its rather fantastic 
markings as a whole. The glow from Theta is seen at the lower edge of the 
plate. By comparing this picture with the chart (Fig. 2) the relative positions 
of the various objects shown in some of the other plates can readily be seen. 


PLATE II 


Two of these queer markings are shown here, the lower being readily 
recognized as one of those on Plate I. It is a curious, narrow, looped, black 
marking (No. 75) that covers about a degree in its peculiar windings. It 








| 
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b 


a) No. 63. 
b) No. 72. 
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a) Nos. 127 and 129. @=18's55™, 


a=18526™, 6=— 26°’ 
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b) No. 133. a= 18bso™, 6=— 7° 5’ 
Scale: 1™™=89” 
64. a=17510™, d= — 18°21’ 
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occupies a considerable space and one position will not represent its place. 
The upper or north part of it is in a=17%17™44*, 8=—21°51’. From this 
point it bends to the east, passing close south of the star B.D. —21°4598 (83) 
and then south and west to an abrupt stop in a=17"15™44*, 8=—22°21'. A 
diffused branch springs from it and curves easterly and southwest again in a 
very broken manner. At this point there is much dark detail of an irregular 
nature. Close north and west of this object, just above (and involving) the 
star B.D. —21°4591 (o™5) is a very dark, irregular figure (No. 67a). 

This marking is almost exactly duplicated in its scalloped appearance by 
a similar one (No. 84) in a=17"39™, 8=— 20°12’, which is shown in the upper 
picture of this plate. It lies between the stars B.D. —20°4865 (8“2) and 
— 20°4869 (9“1) and curves a little to the north. The resemblance of these 
two strange objects and their peculiar character is very striking. 


PLATE Ill 


These ‘are two more of the dark objects north of Theta Ophiuchi. The 
upper one (No. 63) is the very large definite curved marking. Its southwest 
end strikingly and abruptly terminates in a=17°6™14*, 8=—21°41’. In the 
original negative there is much dark detail in this object. 

The lower picture shows the S-shaped marking (No. 72) in a=17"16™17°, 

= — 23°37’, and several of the very black spots south of it. 


PLATE IV 


The upper right-hand object (No. 133) resembles a dark comet with a 
small definite head and curved fan-shaped tail. The main body seems to 
be a sharply defined, black, lozenge-shaped object which forms the head and 
part of the body, from which a diffused extension runs north, forming the tail 
of the “comet.” A description of the visual appearance of this object with 
the 40-inch telescope is given in the present paper, page 7. The position of 
the dark head, which lies very close west of the star B.D. —7°4852 (9™2), 
is a= 18"59™29*, d= —7°4/8. 

The picture immediately beneath this one, to the right, is that of a similar 
“cometary” object (No. 64), just west of the compressed cluster M 9. It is 
somewhat cometary in form and has a very black core or head that sharply 
abuts against the thick stratum of stars; from this it spreads out into a large 
dark area with much dark detail, filling quite a space close southwest of M 9. 
It thus resembles a dark comet with a dense and well-defined head and diffused * 
widening tail. The position of the head is a=17%9™57*, 8= —18°20/6. 

The upper left picture of this plate shows a chain of several dark spots, 
two of which (Nos. 127 and 129) are quite small, black and irregular in form. 
The northern one (No. 129) has a very narrow black streak running from it to 
the northeast. I have examined these also with the large telescope with a 
result similar to that of the spots previously mentioned. Their position is 
a=18's55™, §=—5°40’. 








I2 E. E. BARNARD 


In the fourth, or lower left, picture is a small, round, well-defined, black 
spot (No. 98) less than 3’ in diameter. This could readily be taken for a 
black planetary nebula, which, in reality, it may be. Its position is closely 
a=1825™31%, = —26°9’. It is not seen on a bright part of the sky for it 
lies in, and near the south edge of, a rather broad dark pathway in the Milky 
Way. It is some 3’ south and following the star C.D. — 26°13264 (10™). 


I did not at first believe in these dark obscuring masses. The 
proof was not conclusive. The increase of evidence, however, from 
my own photographs convinced me later, especially after investi- 
gating some of them visually, that many of these markings were 
not simply due to an actual want of stars, but were really obscuring 
bodies nearer to us than the distant stars. In this way it has fallen 
to my lot to prove this fact. I think there is sufficient proof now 
to make this certain. For some years I have tried to secure long- 
exposure photographs of as many of these bodies as possible. This 
has resulted in the location of a considerable number of them in 
different parts of the sky. Their apparent preference for the bright 
regions of the Milky Way is obviously due to the fact that they are 
more readily shown with a bright background. They are, however, 
not strictly confined to the Milky Way. 

Among the first to look upon these dark places as real matter 
was Mr. A. C. Ranyard, whose lamentable death occurred Decem- 
ber 14, 1894. A short time previous to his death he gave a series 
of papers on the Milky Way and the nebulae, in Knowledge, of 
which magazine he was editor. In speaking of the dark lane south 
and east of Theta Ophiuchi on a Lick photograph of mine which 
he reproduced," he says: “The dark vacant areas or channels run- 
ning north and south of the bright star [@ Ophiuchi] at the center 

. seem to me to be undoubtedly dark structures, or obscuring 
masses in space, which cut out the light from the nebulous or stellar 
region behind them.”’ 

There is a list of starless fields given in Appendix I of Webb’s 
Celestial Objects, taken from the Cape observations of Sir John 
Herschel. These, however, are quite different from the ones I 
have been dealing with and are in most cases perhaps only real 
vacancies among the stars. 


* Knowledge, 17, 253 (November) 1894. 
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For some time I have hoped to make a catalogue of the dark 
markings shown on my photographs of the sky. The exact loca- 
tion of these objects is desirable so that their study with power- 
ful photographic telescopes may be possible. There seems to be 
no question that some of them are real objects which are either 
entirely devoid of light or so feebly luminous when seen against the 
Milky Way as to appear black. As mere curiosities of the sky alone 
their cataloguing would be desirable, but as real opaque objects 
between us and the more distant stars their exact location would 
seem to be important. Their study with the present means of 
research will be of the highest interest. With this idea in view I 
have collected a number of these objects shown on my negatives 
to form the following catalogue. 

This catalogue is necessarily incomplete; it is constantly being 
added to. Later, a more complete list will be printed. The places 
are closely approximate. An effort was made to measure the posi- 
tions with exactness, but on account of the nature of the objects 
it was found to be practical to do this in only a few cases. 

All the positions in the catalogue and throughout this paper 
refer to the epoch 1875.0. 


NOTES ON THE CATALOGUE 


8 Very much like the dark lanes east of Rho Ophiuchi. 

9 This is the middle of a great vacancy extending east and west, the con- 
tinuous part of which is 2}° long and about 3° wide. It really extends 
in a more or less broken form for about 6°. There is a wide region 
extending south of it for a couple of degrees, nearly to the star B.D. +53° 
750 (5Mo) whose position is a=456™58*, 6=+53°18’. To the east it 
breaks up into more or less separate spots, somewhat resembling those 
at the east end of the great lane from Rho Ophiuchi, but unlike that 
lane it does not originate in a larger vacant space ora nebula. Its borders 
are not so definite as the Rho Ophiuchi lane. It is approximately 
bounded by the co-ordinates a=3'58™, 6=+54°7 and a= 420", 
6=+54°8. The individual positions of some of the spots are given 
in the catalogue. 

11 This lane is about 2°6 long and roughly 22’ across. It is very much 
like the lanes east of Rho Ophiuchi. See No. 8. 
12 South of No. 11. Irregularly round with an extension east from the 


northeast side. 
* 
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No. a 1875.0 6 1875.0 | Description 
Riek cic 3%25™14*| +30°44’| Large, indefinite; diam. }° 
Wathe 3 25 44 | +31 54 | Indefinite; elongated east and west; diam. 20’ 
oes 3 32 14 | +31 34 | Irregular; diam. 20’; dark space in nebula 
Beacon 3 36 14 | +31 24 | Very large; indefinite 
ee cant 3 39 15 | +32 8 | Indefinite; elongated northeast and southwest; 
ngs 1°. B.D. +32°667 (5@8) near northeast 
| side 
mais. 3 46 31 | +55 45 | Round; indefinite 
Doct as 4 4 14| +28 28 | Large, irregular; brighter condensation in southeast 
| _ part 
Discne's 4 753 | +54 56 | The center of No. 11 
Bi x dcag 49 +54 45 | Dark irregular lane 
eee 4 10 57 | +27 58 | The bright part of No. 7 
Ee ee 4 16 37 | +54 45 | East end of irregular lane 
ee: 4 19 52 | +53 58 | Isolated dark spot; diam. 24’ } 
See 4 21 17 | +54 37 | Irregular; diam. 11’ 
ree 4 22 13 | +25 31 | Very small, bright nebula; diam. 3’ 
eae 4 22 50 | +46 21 | Elliptical dark marking; diam. 10’ by 15’ slightly 
| northwest and southeast 
Bs sean 4 23 20 | +46 20 | Very small; elongated north and south; close to 
| southeast edge of No. 15 
| Ricsuad 4 23 25 | +46 15 | Very small; elongated north and south; close to east 
| edge of No. 15 
Seicaes 4 23 40 | +24 5 | Diam. 1°; group of dark spots 
We éadc 4 25 +26 o | Large; indefinite; diam. 1 
SVs ios 4 27 30 | +50 43 | In the south part of larger, relatively vacant area 
| nearly 1° in diam. 
ee 4 27 51 | +55 6 | Indefinite; irregularly round; diam. 10’ ' 
ere 4 31 +25 48 | Irregular; unequally dark; extended southeast and 
| northwest; diam. 2° 
is ac 4 32 41 | +29 38 | Diam. 5’; sharply pointed to the southeast ; 
| ae 4 35 ©| +29 30 | Diam. 8’; sharply pointed to the south 
Ra 4 42 56 | +45 48 | Irregularly round; diam. 8’ 
ere 4 46 39 | +30 25 | Irregular; diam. 5’ 
See | 447 11 | +30 21 | Irregular; diam. 5’ 
evade | 447 54 | +30 26 | Irregular; diam. 4’ 
ee 458 5) +31 55 | Round; indefinite; diam. 10’ 
| 5 23 8 | +12 21 | Large dark area with few stars; diam. 67’ 
Bese. sag 8 | +12 38 | Diam. 30’; extended northeast and southwest; the 
| east part of No. 30 
eae | 5-25 8| +12 20 | Dark projection from the south end of No. 31 to the 
east 
Bis i a:i | 5 34 36 | — 2 32 | Dark mass, diam. 4’, on nebulous strip extending 


| south from ¢ Orionis 


© 


| Oe sca 5 35 20 | +32 21 | Round; starless; indefinite; diam. 20’ 
) ee 5 39 5 | + 8 51 | Round; diam. 13’ 
| Bees. | 5 43 5 | + 7 23 | Irregular narrow dark lane 2° long, northeast and 
| southwest 
eee | 6 26 14 | +10 34 | Irregular semi-vacant region 2}°-3° long 
ts i's | 6 26 45 | +11 10 | Irregular vacancy; diam. 1° 
ee | 631 8 | +10 26 | Small, sharply defined. 
ws aero | 16 7 24 | —18 39 | Diffused dark spot; diam. 15’; small star in it 
41.....| 16 14 24 | —19 20 | Diffused dark spot; diam. 3° 
| 


Seas | 16 18 — 23 Great nebula of p Ophiuchi 


— ’ 








’ 
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CATALOGUE OF 182 DARK MARKINGS IN THE SKY—Continued 
No. a 1875.0 ca 1875.0 Description 
FEE | 16523" *| —19°30’ | Large dark region 
Oss oe 16 33 | —23 50 | Dark lane east from Rho Ophiuchi region 
44a. 16 38 8| —40 6 | Round; diam. 2’. Close south of C.D. —40°10662 
a 16 39 11 | —21 22 | Rather definite, 2° long 
oe | 16 49 42 | —22 32 | Irregular; definite 
ee | 16 52 12 | —22 27 | Irregular; definite; diam. 15’ 
Gieswiks | 16 53 | —40 30 | Fairly well defined; 26’ long 
Po ee 16 54 30 | —33 5 | Small; close southeast of and involving C.D. 
| _ —33°11668 (9M3) 
TE | 16 54 42 | —34 12 | Large, irregular, dark space; 10 mag. star in middle 
Rocks | 16 56 12 | —22 12 | Definite; diam. 20’ 
ee | 16 57 14 | —22 2 | Irregular; diam. 13’ 
“) ae | 16 58 | —33 25 | Large; diffuse, extended north and south 
Os 6a 16 58 30 | —34 10 | Small, round; diam. 5’; close north of 11 mag. star 
ee 16 59 28 | —31 51 | Irregular; diam. 16’; best defined southeast 
Ms, ade 17 © 43 | —31 56 | Small; diam. 3’ 
as a 17 © 50| —22 43 | Diam. 5’; elongated northeast and southwest 
Race 17 2 30 | —40 20 | Round; diam. 27’; a darker core at northeast side 
he a 17 3 35 | —27 19 | Sink hole; diam. 1° 
a 17 4 21 | —22 17 | Curved; 13’ long; extended northeast and south- 
west 
ere 17 7 26 | —20 18 | Small; elongated east and west 
Oe 17 8 46 | —20 44 | Diam. 10’; very black in northwest part 
eee 17 919 | —21 17 | Very large; definite; curved; west end abrupt 
ae 17 9 57 | —18 21 | Cometary; west of M9 
. ae 17 11 50 | —26 34 | Definite; elongated east and west 
eer | 17 12 2| —26 46 | Definite; extended east and west; 8’ long 
ae 17 13 14 | —26 44 | a extended north and south; joins Nos. 65 
and 66 
67a 17 14 58 | —21 46 | Irregular; definite; diam. 13’ : 
a ee 1715 4| —23 40 | Small; irregular; sharply defined; diam. 4’; south- 
| west of No. 72 
O65 sia | 17 15 19 | —23 48 | Very small; irregular; sharply defined; extends 
| north and south 4’ 
M5. 3% | 17 15 30 | —23 55 Diam. 4’; sharply defined on west side 
*, See | 17 15 36 | —23 53 | Very small; diam. 1}= 
* ARE 2 17 16 17 | —23 37 | S-shaped 
ee | 17 16 46 | —24 9 | Very small; diam. 1’; extended north and south 
SR eee | 17 17 30 | —24 2 | Diam. 5’ 
ee 17 17 47 | —21 55 | Curved and scalloped marking 
17 18 | —24 18 | Irregular; narrow 
*, eee 17 21 | —23 45 | Indefinite; diam. 1° 
ee 17 25 | —25 30 | Very large; diam. 3° 
ee 17 27 44 | —19 19 | 3° long (southeast and northwest); narrow; sharply 
| defined 
eee 17 30 16 | —21 11 | Small; definite; 3’ long, 1’ wide, southwest and 
northeast 
— ae 17 30 55 | —23 51 | Very small; diffused 
ee 17 31 © | —23 42 | Small; angular; well defined 
17 31 20 | —24 6 | Irregular; diam. 7’ 
83a 17 37 57.| —19 57 | Small, definite; diam. north and south 4’ 
Bei hiss 17 39 | —20 12 | Sharply defined; length north and south 22’ 
84a 17 48 40 | —17 9 | Round; diam. 16’; extension 2° south 
ae 17 53 50 | —23 1 | Trifid nebula. See note 
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56 | —24 7 
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II | 5 13 
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52 | 6 27 | 
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oot OE 
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43 | 4 28 | 
27 | 7 6) 
36 | 6 49 | 
48 | 7 11 | 
58 | 7 34 
4 | 5 0° 
10 7 36 
59 | — 4 42 
o| — 5 20 
16 | 4 45 
48 | — 4 46 
II | 455 
2 4 53 
5 | 4 31 
45 | 4 33 
25 | 4 42 
52 | 5 37 
3| — 4 45 
3 5 29 
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Diam. 5’; several small stars in it 

“Parrot’s head”; C.D. —32°13686 (98) central; 
several smaller stars in it 

Length north and south 2/7, width 0/5; in M 8 

Very small; diam. 0/5; in M 8 

Irregular; diam. 2/7 

Diam. 5’; edge of diffused nebulosity 

Black spot, 15’ north and south, 9’ east and west 

Cometary 

Roundish; diam. 15’; indefinite 

Large; indefinite; diam. 30’; elongated 

Small; indefinite; elongated 

Irregular; not very definite; diam. 1° 

Very small; sharply defined 

Definite; 11’ long east and west, 3’ wide 

Definite; irregular; curved; 16’ long northwest and 
southeast 

Definite; jirregular; 13’ long northeast and south- 
west, 4’ wide 

Rather definite; 8’ long northeast and southwest, 
3’ wide 

Irregular; diam. 4’; one small star in it 

Small, definite, caret-shaped object 

Very small; diam. 3’; close northeast of B.D. 
—7°4710 (8ég) 

Diam. 2’; extended north and south; free of stars 

Irregular; diam. 5’; free of stars 

Very small, diam. 3/ 

Irregular; diam. 0/7; close east of B.D. —7°4726 
(8Mo) 

Irregular; diam. 11’ 

Region 2° in diam., full of dark structures 

Diffused dark region; diam. 18’ + 

Diam. 16’; irregular; small star in west part 

Dark spot with two small stars in it 

Very small and black 

Narrow semi-vacant region running south from 
B.D. —7°4755 (o™1) 


| Round; very black; diam. 1’; sharply defined 


Black; irregular; diam. 7’ 
Definite; diam. 2’ 
Very small; close northwest of B.D. —4°4623 (g™2) 


Irregular dark region; diam. }° 


| Very small; close southeast of B.D. —4°4623 (g™2) 
| Small dusky spot; 12 mag. star in center 
| Small; diam. 4’; narrow extension 4’ north 


Roundish; diam. 13’ 

Small dark spot; diam. 3’ 

Dark; lune-shaped; diam. 9’ 

Dusky; round; rather definite; diam. 8’ 
Irregular; diam. 43’ 

Irregular; dusky; fairly well defined; diam. 10’ 
Very black; sharply defined; diam. 5’ 


| Dusky; not well defined; length 7’ 
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No. a 1875.0 6 1875.0 Description 

SSE ica s 18555™398| — 4°33’ | Black spot; diam. 0/7; curve of small stars north 

131a 18 56 32 | — 4 31 | Diam. 

ee 18 57 51 | — 4 37 | Dark; fairly well defined; diam. 8’ 

ee, 18 59 29 — 7 5 | Cometary; close west of B.D. —7°4852 (9™2) 

Wek. scant 19 O11 | — 6 26 | Round; diam. 6’ 

2 19 057 | — 4 7 | Large dusky spot; diam. 13’ 

Eicon. 19 3 0} -— 412. Dusky spot; diam. 8’; 10 mag. star near middle 

=. ee 19 9 32 — 1 33 | Projection near south end of No. 138 

ae Ig I0 o o | Great curved semi-vacant lane over 3° in length 

ee | 19 11 32 | — 1 38 | Narrow black spot; 10 mag. star on southeast edge 

SO +253 19 13 39 | + 4 59 | Semi-vacant region; diam. 1° 

oS se 19 13 52 + 1 40 | Semi-vacant region north of north end of No. 138; 
diam. 16’ 

ee 19 34 © | +10 18 Large; irregular; close west of B.D. +10°4016 (8™7) 

Siti da. 19 35 30 +10 43 | Rather narrow angular marking 

er 19 54 +34 30 | Large semi-vacant region; 6° by 3° 

A ows 19 58 16 | +37 21 | Sharply defined; ?° long east and west 

ae 19 58 49 | +35 40 | Very small 

Ee 20 2 71} +35 1 | Very narrow sinuous dark lane 11’ long east and 
west 

SARs caw 20 45 30 | +59 12 | Very small; round; indefinite; diam. 3’ 

ee 20 46 28 | +59 4. Very small; round; indefinite; diam. 2’ 

ess <i 20 47 47 | +59 50 | Curved dark marking; 1° long 

ae 21 4 41 | +55 49 Very small; very dark; diam. 1’ 

a 21 11 30 | +61 13 | Small; 15’ by 3’ southeast and northwest 

To 21 17 42 | +55 55 | Black, irregular; diam. 1’ 

2x 18 1, +56 5 | Narrow; 8’ long northeast and southwest 

a | 21 27 25 | +44 25 | Round; diam. 13’; indefinite 

- ae 21 29 17 | +45 2 | Diam. 8’; sharp-pointed to north 

oe 21 29 34 +54 1 | Round; diam. 5’ 

See 21 32 22 | +42 51 | Dark spot; diam. 3’ 

1 21 33 30 | +42 40 | Irregular partially vacant region; diam. 25’ 

Se 21 33 40 +55 40 | Large, dark, irregular; diam. 31’ northeast and 
southwest 

| eee 21 36 38 | +57 5 | Small, black spot 

162..... 21 37 8 +55 55 | Very thin, curved, dark strip north and south 

| ee 21 37 38 +56 5 | Small; very black; pointed to the south 

eee 21 42 2) +50 31 | V-shaped vacancy; diam. 5’—10’ 

ee 21 45 10 | +59 38 | Length east and west 18’, width 1’ 

oe 21 47 16 | +59 30 , Round; diam. 5’; small star on southwest edge 

oe 21 48 8 | +59 29 | Small; irregularly round; diam. 5’ 

ee 21 48 32 | +46 41 | Small nebula at east end of dark lane 

roger 21 53 38 | +58 25 | Elliptical black ring; diam. 1° 

oe 21 51 50 | +58 22 | Irregular black strip 26’ long northeast and south- 
west 

ee 21 57 43 | +58 16 | Irregular broken region; diam. 19’ 

| Panes 22 243 +58 36 | Irregular dark spot 

5) oe 22 253 | +50 4 | Diam. 4’; rather definite 

2 22 3 8 +58 28 | Narrow; irreg.; 19’ long northeast and southwest 

re 22 II +69 19 


Large; diam. 1°; bright nebula in north part 
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Irregularly darker inside with a rather sharp, short, narrow extension 
toward the south. 
A bright spot in the dark nebula No. 22. 
See description on page 4. 
This is the dark object mentioned by Espin in M.N., 58, 334, 1898. It 
is close north of a small group of faint stars and is 6’ or 8’ in diameter. 
In a somewhat larger vacant space. It is not so definite as No. 15. 
This is a very large region of obscure nebulosity with several darker 
streaks in it trending northwest. It is partly separated from another 
starless region lying about 2° to the west and north. Near the middle 
of the first of these regions is a small luminous nebula with a faint fan- 
shaped extension for 10’ to the northeast. This is undoubtedly a 
brighter condensation of the great obscuring mass surroundingit. The 
position of this small nebula is: a=4"32™13*, 6=+25°30/7. 
This is a good example of a dark or more or less starless region. 
Nos. 26, 27, and 28 are close northwest of B.D. + 30°741 (6"8). (This 
star is involved in feeble nebulosity.) 
There is a nebulous border, 3° wide, to the semi-vacant region extending 
1° east and north from B.D. +12°803 (7“o). Apparently this nebulous 
border extends many degrees east in a very diffused manner. There is 
a narrow dark lane extending south from the semi-vacant region, running 
close west of B.D. +12°803 to a point nearly 1° due south of B.D. +12°801 
(6M9). There is a small fan-shaped nebula close north of a small star in 
the position a=5%24™30°, 6=+12°3‘9. A small strip of nebulosity 
extends 5’ southwest from this small star. These two nebulae are 
probably the brighter parts of a large obscure nebulosity. 
See Astrophysical Journal, 38, 496, 1913, Plate XX. 
This has an extension to the southeast. There are three small stars 
north of it. 
This region is abruptly terminated on the south side by the nebulosity 
extending north from 15 Monocerotis. Its west side ends abruptly in 
a=6522™15*, 6=+12°26’. 
A small elongated spot in the nebulosity from 15 Monocerotis. 
This spot and No. 41 are connected with the great nebula about Nu 
Scorpii and are doubtless denser opaque masses of the nebula. There 
is a larger dark region belonging to this same system in a=16%23™, 
= — 19°30’ (No. 43), from which broken dark lanes somewhat like those 
from Rho Ophiuchi, though less marked, run eastward for some degrees. 
This object is put in the list because, though not wholly dark, it is partly 
so, and the evident obscuration produced by it puts it in the class for 
which the catalogue is made. The semi-vacant region in which this, 
the great nebula of Rho Ophiuchi, lies is about 3}° in diameter. 
This is the middle of the main part of the great vacant lane that runs 
east from the region of Rho Ophiuchi. It is about 32’ wide and has its 
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beginning in a vacant area in which is the star C.D. —24°12695 (5™5), 
a= 16522™38*°,86= —24°51’. It runsslightly northeast toabouta=16"40", 
8=— 23°40’. From this point it extends in a broken chain of dark 
spots to a little south of No.63. Its total length is therefore about 10°. 
This appears to be a real, dark object. 

Extended northeast.and southwest with an irregular projection south- 
west that connects it with the Rho Ophiuchi region. This appears to be 
a real, dark object. 

A string of small stars in the middle. 

Connected with No. 51 by two sharp lanes. 

Extended northeast and southwest. Close west and north of C.D. 
—40°11088 (8“o). This seems to be a real object. 

This is an irregular square 15’ in diameter, sharply defined on the east 
side and diffused on the west, where there are broken extensions for 4°. 
The star C.D. “ipsam (o™8) is near the middle. The stars C.D. 
—34°11422 (g™8), —34°11426 (98), and —34°11427 (og) are on the 
eastern border. 

Two straggling dark lanes run west to No. 47. 

One of a straggling group toward the eastern end of the dark lane from 
Rho Ophiuchi. 

C.D. —31°13582 (8“o) near the center. 

Close east of C.D. —31°13609 (9Mo) and —31°13618 (9“3). This seems 
to be a real object. 

At the west end of a wide broken lane from No. 78. 

This and No. 57 are the most distinct of a group of dark spots utiewet 
of the square end of No. 63. 

This seems to be a real object. 

This is the center of a great curved figure convex to the north 1°37’ long 
and 19’ wide. See description of Plate III. 

See description of Plate IV. 

This is a striking object. It is a thin, curved black marking, the exact 
form of the letter s or the figure s, as the imagination or point of view 
may dictate. The southeast branch runs east for some distance passing 
close south of the star C.D. —23°13370 (g™o). Its average thickness 
is about 2’ to 3’. The position in the catalogue is for the southern part 
of the figure, or the bottom of the s. See Plate III. 

Slightly curved, extending 5’ north from the star C.D. —24°13325 (7™1). 
It is sharpest on the west and south sides. 

B.D. —21°4598 on the north ony. See description of Plate II. 

This is a broken, black strip, 3° long, extending east and west. 
Connected by a vacant strip with No. 78. 

C.D. —26°12152 (6™2) is south of the middle. 

Close southeast of B.D. —21°4674 (8™z). 

Close southwest of N.G.C. 6401. 
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8’ north of N.G.C. 6401. 

Narrow extension to the south. Several small stars in it. 

See description of Plate II. 

B.D. —19°9457 (o™5) in the center. 

This is the southern part of the Trifid Nebula, N.G.C. 6514. The dark 
markings in this nebula are too well known to insert in this catalogue. 
There is a small cluster close east of this spot. See page 3. 

There are other well-known markings in this nebula. This one and 
No. 89 are given as illustrations of dark markings in the sky shown in 
relief against a nebulous or other luminous background. In this case 
these may be non-luminous opaque parts of the nebula itself. 

There are many similar dark spots in this region, but this one is perhaps 
the most distinct and is fairly characteristic of the others. 

This is a round, sharply defined, dark bay in the east side of a very diffused 
nebulosity which extends east from M 8. Photographs on July 26 and 27, 
1905, show the planet Uranus in this bay. It was nearly central in the 
bay on July 27. ’ 

This black spot is very sharply defined on its east edge but less definite 
on the west. There is a twelfth magnitude star near the middle with 
several other small stars. See Astrophysical Journal, 38, 496, 1913, 
Plate XX, for an account of this remarkable object. 

This object has a sharply defined black head 2’ in diameter with a 
diffused tail 15’ long running south. See Plate XX, as in last note. 
See description of Plate IV. 

The east end is the larger with a faint star in it. 

Larger at east end; diameter 12’. There is a small star in the southeast 
edge. 

Separated from No. 100 by a scattering of small stars. 

Apparently a real object, the south of several dark markings covering a 
space 45’ in diameter. They form a notched outline to the northwest 
side of the large star-cloud in Scutum. 

This consists of a narrow straight black line 16’ long north and south, 
with a narrow spur at the south end extending west and north for 5’. 
The width of these lines is about 0/7. 


This object is not black. There are two narrow diverging lanes extend- 


ing to the north. Some small stars in it. 

Free of stars. A small star near the west edge. 
See page 6 for description. 

Perhaps due to want of stars. 


; 


Very narrow, running north and south for 7’; width 1‘4. It is ina 
small vacant region. 

This is on the border of a larger dark region with dark lanes running 
to the north and northeast. It is separated from No. 118 by several 
very small stars. 
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More definite and blacker than No. 117. 

This is liberally sprinkled with~stars in its northwest half. There are 
several narrow dark lanes in its southeast portion. 

The east side is bounded by a curve of very small stars. 

Round, small, and black. The entire object is fairly well defined and 
uniformly dark. There is a small star 4’ to the northeast. 

This has a narrow spur 4’—s’ long from its northeast edge, and a narrow 
lane 18’ long and 13’ wide from its west side to the northwest. 

Fairly well defined on the north border. Some faint stars in it. 

An irregular narrow dark streak extends 9’ to the northeast; another 
from its south side runs close to B.D. —4°4650 (7"4). A small star in 
the northeast edge. 

Very black in its southeast portion, diffused on the west side. A short 
line of faint stars on its west edge. 

A narrow extension 13’ long from the northeast side. A small star close 
west of it. This is in a larger vacant region. 

Very black, sharply defined, with a considerable small star at the west 
end. Somewhat rectangular in form with projections to the east. It 
is the blacker western portion of a dark region 10’ in diameter. Nos. 127, 
129, and 130 are connected in an irregular curve convex to the west. 
This is a very small black spot with a small star on the north border and 
another on the south, with a fine curve of six or seven very small stars 
running northwest from its north edge. 

Tadpole-shaped with B.D. —4°4680 (9“o) in center of the larger (west) 
part. Length east and west 16’. 

This object begins very close west of B.D. —7°4852 (9“2). From this it 
gradually widens and curves north like a plume, with the convex side 
west, to a distance of about 18’. The south end is intensely black. The 
northern part is dark with 4 or 5 considerable (small) stars in it. See 
description of Plate IV. 

This is dark, but not sharply defined. There is a small star on the south 
edge and a similar one on the north edge. 

The star B.D. —4°4698 (g™2) is on the north border and B.D. —4°4702 
(9™2) on the southeast border. 

Perhaps the most striking feature of this great curved “lane”’ is the 
definiteness of its eastern outline. To the west it is less definite and in 
the lower, south, half it consists of dark branching structures which 
blend into a part of the Milky Way relatively dimmer than that to the 
east. The stars embraced by the curve to the east are much brighter 
or coarser than those to the west. If the stars to the west were fewer 
in number, or fainter, the eastern outline would closely resemble the 
great head of the star-cloud near M 11 in Scutum. The southern ter- 
mination is in a small, comet-shaped, very black spot, apparently a real 
object, sharply defined on its south edge. 
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This spot is the beginning of a great curved lane ending in about 
a=19'14™, 6=+1}°. This lane is concave to the east, on which side 
it is more definite. 

The outline of a square 3° in diameter, with the west side missing. 

See page 10. 

This is a triangular semi-vacant area. It is covered by a sprinkling of 


‘ considerable small stars with the star B.D. +37°3736 (o™5) in the center. 


This spot is like a dark border to the southwest side of the star B.D. 
+35°3930 (70). 

This is the center of the dark marking. Its head is in the position 
a=20"s51™o*, 6=+50945'. The west end or tail is in a=20"43™50°, 
6=+ 49°20’. This object is fully described in the text. 

This appears to be a real object in a slightly larger vacancy. 

Close north of B.D. +61°2103 (89). See Astrophysical Journal, 43, 1, 
1916. It is there wrongly stated that the object is south of the B.D. star. 
The west end is larger with a small star in it. 

The star B.D. +55°2565 (7"4) is at the south end. 

There are four small stars in a line crossing this object east and west. 
The star B.D. +44°3865 (4™1) is central. 

A semicircle of faint stars forms the western border. 

This spot is similar to those in the region of No. 159. There are some 
others north and west of this. 

This is the center of an irregular, partially vacant region 25’ in diameter. 
It is suggestive of the presence of a dark or faint nebulosity, as there 
are several small darker spots init. It lies 40’ northwest of Nova Cygni 
of 1876, and involves the stars B.D. +42°4177 (5™2), +42°4172 (8™4) 
and +42°4164 (7"7). It is somewhat extended east and west. A very 
long exposure on this region would doubtless be interesting. 

The east side is best defined with two dark projections from it 30’ apart. 
An irregular, narrow, dark lane runs north from it for 2° to a large 
nebulous region. 

This is one of the comet-shaped objects. The head is very sharp and 
black, 3’ across. This extends north for some 3’, then widens out into 
a less dense tail about 13’ long. 

A curve of small stars on the southwest end. 

There are two dark streams running from this to the north. 

B.D. +509°2424 (7™8) is on the north edge and B.D. +59°2427 (7"7) near 
the southeast end. 

This nebula is 10’ in diameter with over a dozen small stars of different 
magnitudes in it. There is no central condensation, nor does the nebula 
condense about any of the stars. There are some dark markings in it. 
The dark lane is 1°7 long and 9’ wide. See Lick Observatory Publications, 
11, Plate 81. 
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No. 
169 This incloses an island of small stars. The dark ring is broadest on its 
east side where its thickness is 22’.. The northern part is very black and 

, straight. 

170 This is the northwest border of the island of small stars. It is sharply 
defined and darker than the sky. 

1 This is at the east end of the island of small stars. 

3. There is a small star on the north edge and also one on the southwest 

edge. 

175 This is a large dark spot, extended north and south, 62’ in its largest 
diameter. In its upper part is the star B.D. +69°1231 (88) which is 
nebulous. This is apparently a large dark nebula, the brighter part of 
which forms the star +69°1231. In Monthly Notices, 69 (December) 
1908, Dr. Max Wolf gives a photograph of the nebula, stating that the 
object was discovered by Dr. Kopff at Heidelberg on October 12, 1908. 
It is conspicuous on a photograph of mine made with the Willard lens at 
the Lick Observatory, September 24, 1895, with 55o™ exposure. It is also 
shown on a photograph of mine made with the Bruce telescope, July 20, 
1904, with an exposure of 351™. By inadvertence reference to this object 
was omitted in Lick Observatory Publications, 11, where it is cut out 
by the matting in Plate 83. 


I am greatly indebted to Miss Mary R. Calvert for invaluable 
aid in the preparation of this catalogue. 


YERKES OBSERVATORY, WILLIAMS Bay, WIS. 
December 10, 1918 


























STUDIES BASED ON THE COLORS AND MAGNITUDES 
IN STELLAR CLUSTERS’ 


NINTH PAPER: THREE NOTES ON CEPHEID VARIATION 
By HARLOW SHAPLEY 


At least three classes of stars may be independently used to 
ascertain the distances of globular clusters through luminosity cor- 
relations—Cepheid variables, B-type stars, and the giants of the 
redder spectral classes. The giant red stars in local parts of the 
galactic system, as well as in globular clusters, are now known to 
have a limited dispersion of absolute luminosity; and if we should 
assume the absolute magnitude in the mean to be the same in both 
regions, it is readily shown that the resulting parallaxes of the clus- 
ters would be closely comparable with the values obtained in the 
present investigation. The stars of spectral type B (color-class 6) 
form a second class of objects that are generally recognized as valu- 
able criteria of distance, not only because of a fairly small dispersion 
of intrinsic brightness, but also because much is known of the actual 
absolute magnitudes through studies of community motion and 
parallactic drift. Apparently, however, there is a tendency for 
B-type stars to fall into groups that may differ in real brightness by 
one or two magnitudes,’ thus introducing a large percentage of 
uncertainty into the distances depending on magnitude correlations. 
If, as seems necessary from related investigations, the most luminous 
b-class stars in clusters are equated in luminosity with the galactic 
B stars that have an average absolute magnitude near zero, the 
distances of globular clusters (and of all Cepheids) are essentially 
as now adopted. On the other hand, if the brightest b-class stars 

* Contributions from the Mount Wilson Solar Observatory, No. 154. 


? For example, see Division III of the parallax determinations of Messier 13 listed 
in Table XXVII of Mt. Wilson Contr., No. 116, 1915. The parallax there derived from 
red giants is o’00010; that now adopted is 0’00009. Applying this method we would 
readily obtain also the absolute magnitudes of all Cepheids, and then derive practically 
the same individual parallaxes for them as given in the eighth paper. 

3 Kapteyn, Mt. Wilson Contr., No. 82, 1914; Charlier, Meddelanden fran Lunds 
Astronomiska Observatorium, Series 2, No. 14, 1916. F 


24 











COLORS AND MAGNITUDES IN STELLAR CLUSTERS 25 


are equated in luminosity with the most luminous of galactic 
B’s, or if much weight be placed upon a direct application of the 
fragmentary luminosity-curves of B stars,’ the distances and all the 
dependent dimensions would be considerably greater, and all giant 
red stars and Cepheid variables would be systematically much 
brighter in clusters than in the general galactic system. 

The present study has shown that for the third class of bright 
stars common to clusters and the general system—the Cepheid 
variables—the luminosity is simply a function of the period of 
light-variation, and, except for some uncertainty in the zero-point 
of the absolute scale, may be very accurately known. In conse- 
quence the Cepheids become of so much greater weight in the 
estimation of the parallaxes of globular clusters that other classes 
of highly luminous stars can best be used only to check the results, 
or as secondary standards.? 

Although the distances obtained independently of the Cepheids 
would, as suggested above, be much the same as we have found, 
and the same conclusions as to the size and structure of the 
general system of clusters would result, the computed certainty of 
the distances and dimensions would be of a much lower order. The 
adopted numerical values therefore depend mainly upon the 
Cepheid variables, and the investigation of all phenomena related 
to the luminosity of these stars becomes appropriate. In particular 
it is important to see if there is any evidence that the variables of a 
given period in different systems are unlike in median magnitude. 
In the present communication three notes are brought together that 
bear on the question of Cepheid variation. 


I. THE RELATION OF PERIOD TO LUMINOSITY 


In the second and third sections of the sixth paper of this 
series we have determined a very definite observational relation 
between the period of light-variation of a Cepheid variable and its 


t Mt. Wilson Contr., No. 116, p. 81, 1915; cf. also Eddington, Monthly Notices, 
77, 608, 1917. 

2 Through the method of measuring distance by means of the “‘25 brightest” 
stars, the red giants have been used in the réle of secondary standards to determine 
the parallaxes of nearly all the clusters of Table V in the seventh paper. 
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total light emission. The luminosity-period curve, based on obser- 
vations from seven different stellar systems, is reproduced in the 
lower part of Fig. 1, where absolute magnitude is plotted against 
the logarithm of the period in days. The curve is defined by more 
than 330 stars, of which nearly 40, having periods longer than a 
day, fall along the curve at points where the variation of magnitude 
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Fic. 1.—Above: Relation of period to color-index for Cepheid variables. Below: 
Relation of period to median absolute magnitude for Cepheid variables. 


with period is rapid. Considering the uncertainties in the periods 
and magnitudes for some of the stars, the average deviation from 
the smooth curve is remarkably small—there is hardly a Cepheid 
known to be discordant. 

From the curve we see first that the decrease of median bright- 
ness with decreasing period is essentially linear until a period of 
less than three days is reached, and second that the absolute mag- 
nitude decreases no farther after the period has become a little 
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shorter than one day. Referring to another curve in the same 
paper, which is reproduced in the upper part of Fig. 1, we observe 
that the change of median color-index with period is of much the 
same general character. A few remarks may be made on the 
possible interpretation of these curves. 

It has been shown in an earlier paper’ that the relation of period 
to spectral type and color-index can be provisionally explained (if 
we adopt a pulsation hypothesis.of Cepheid variation) as a result of 
increasing density with decreasing color-index for giant stars. 
Thus a general relation, which is known to have a wide application 
in astronomical and physical problems and which holds without 
doubt in the present case, gives the period, P, of an oscillation in 
a gaseous star as a function of the radius and the surface gravity; 
or, if p is the mean density, 


P? euk (1) 
p 


For giant stars the dependence of mean density on spectrum is 
approximately known from eclipsing binaries, and the application 
of (1) to Cepheid variables of known period gives for each spectral 
type a mean density of quite the same order as that found from 
eclipsing stars. Thus, through the intermediary of the mean den- 
sity, the observed connection of median color-index and period is 
readily understood. 

The reason for the dependence of luminosity on period is not 
so definite, but the following discussion seems to indicate the physi- 
cal interpretation. If LZ be the total luminosity of a giant star, we 


may write? 
L=nrJ 


where ¢ is the radius and J the luminosity per unit of apparent sur- 
face. Now J=f (T, p,, 7); that is, the light intensity per unit area 
depends, not only upon the effective surface temperature, T, but 
probably also upon the density at the stellar surface, p,, and the 
degree of ionization, i—the last involving, it may be, the chemistry 
of the star as well as its ordinary physical properties. But with 

t Mt. Wilson Contr., No. 92; Astrophysical Journal, 40, 448, 1914. 

2 Neglecting darkening at the limb. 
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good cause we believe that the effective temperature (and hence 
the color-index, C.I.) is by far the most important factor in surface 
brightness. Denoting mass by wu, we may write 


Lerf,(T) x (4) ec. 


Introducing (1), 
L « (uP*)i¢(C.L.) (2) 


and we have a physical explanation of the interdependence of the 
luminosity and period in Cepheid variation. 

For the absolute magnitude, M, of stars differing little in spec- 
tral type (such as the Cepheid variables for which proper motions 
are known) we derive from (2) 


M « 2log P+log p. 


It appears from Eddington’s theoretical work on giant stars as well 
as from observational data relative to binaries of various types that 
the range in the masses of stars is small, so that the approximate 


theoretical relation 
M=k log P (3) 


is of the same form as that observed for the Cepheid stars of longer 
period (Fig. 1). 

The inclusion of log yu in ( 3) would not in the mean disturb the 
linear form of the relation, for the dispersion in mass is, so far as 
we know, comparable for giants of different spectral types redder 
thanA. But over a wide range of spectrum ¢ (C.I.) becomes impor- 
tant in maintaining the luminosity in the face of contraction. The 
increase of surface intensity, with the progression toward bluer 
spectrum, may wholly counterbalance the tendency to diminish the 
total light-emission through shortening periods and smaller stars— 
especially near the blue end of the giant series where critical and 
asymptotic conditions are more likely to prevail'—and in conse- 
quence the luminosity-period curve theoretically should flatten out 


* “The concurrent progression toward a definite limit of luminosity, spectrum, 
and period suggests that, in the evolutionary sequence of stars, Cepheid variation 
is abruptly limited at or near the blue end of the giant series because of the changing 
physical conditions in the interiors of the gaseous masses.” —M1t. Wilson Conir., No. 151, 


p. 21, 1917. 
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as observed. If, however, the counterbalance is maintained through- 
out the whole giant series and luminosity depends only on the mass, 
as some important researches suggest,’ then (1) the mass appar- 
ently determines when in a star’s history Cepheid variation may 
occur, (2) the period never changes materially during the life of 
the variation except possibly for cluster-type variables, and 
(3) the luminosity-period law may more appropriately express the 
mass-period or mass-density relation of Cepheid variation. 

It appears from the foregoing consideration that, granting the 
pulsation hypothesis of Cepheid variation, there is a definite reason 
for the dependence of total luminosity on period and a fairly 
plausible interpretation of the almost linear relation between the 
logarithm of the period and absolute magnitude. Quantitative 
evaluation of the theoretical equations should be possible eventu- 
ally, and in fact has already been made tentatively. The computed 
results roughly conform with observation, but little weight can be 
attached to this agreement because of the present necessity of 
rather vague assumptions as to the progression, with spectral type, 
both of J and of darkening at the limb. 

Eliminating the logarithm of the period from the two curves of 
Fig. 1, we obtain in Fig. 2, in the plot of absolute magnitude‘as a 
function of color-index, a curve that may be of considerable impor- 
tance in Cepheid theories. For comparison with this curve the 
relation between absolute magnitude and color-index for the giant 
stars in four globular clusters is plotted along a broken line in the 
same figure.2 We note that the change of luminosity with advan- 
cing spectral type is about the same for Cepheid variables of the 
galactic system as for all giant stars of globular clusters. Perhaps 
our more extensive knowledge of the former can throw light on the 
general problem of the relationship of successive spectral types. 

The constant difference between the curves of Fig. 2, which is 
certainly larger than any systematic error involved, indicates that 
for a given color Cepheids are more than twice as bright as other 


* Various papers by Eddington and Jeans in the Monthly Notices, Nature, and 
The Observatory during 1916 and 1917. Cf. the tenth paper of this series, p. 8. 


2 Adapted from the mean of the results given in Table II of Mt. Wilson Com- 
munications, No. 34; Proceedings of the National Academy of Sciences, 2, 525, 1916. 
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stars; or rather, since the largest uncertainty is probably in the 
colors of the Cepheids, it indicates that for a given magnitude the 
variables appear to be nearly o. 4 mag. bluer than other giant stars. 
If minimum color and magnitude of the Cepheids be substituted 
for the median values, the two curves become nearly coincident. 


Color-index 
0.0 +0o.4 +o.8 +1.2 +1.6 





wn 





























—4 
o 
2 
= 
oo 
Bs 
3 
£ 
vo 
3-2 
8 va 
2 
=z 
—I > 
a 4 
a 
” 











° 





Fic. 2.—Relation of color-index to absolute magnitude for Cepheid variables. 
The broken line represents the corresponding relation for the giant stars of Messier 
3, 5, 13, and 15. 


II. THE COMPOSITE COLOR-CURVE OF 103 CLUSTER-TYPE VARIABLES 


The determination, from plates made with the 60-inch reflector, 
of the magnitudes of a sequence of reference stars in Messier 3, 
permits the transformation to the Mount Wilson system of the 
light-curves derived by Bailey.‘ Since details of the derivation of 
magnitudes for the comparison stars will appear elsewhere, it will 
suffice for the present note to give only the final photographic and 
photo-visual results. The first two columns of Table I contain the 
designation of the comparison star by Bailey and the corresponding 
number in von Zeipel’s catalogue.* The Harvard and Mount 
Wilson photographic magnitudes, in the following columns, differ 
in part because of the well-known systematic difference between 


* Harvard Annals, 78, Part 1, 1913. 
2 Annales de l’Observatoire de Paris, 25, 1, 1908. 
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the two systems, but mainly because of the somewhat provisional 
nature of the published Harvard magnitudes for this sequence of 
stars.‘ By plotting against each other the numbers of the third 
and fourth columns a fairly smooth curve is obtained which can be 
used to change the observed photographic magnitudes from one 
system to the other. 

TABLE I 


COMPARISON STARS IN MESSIER 3 














| 
DESIGNATION HARVARD Mr. WILSON | Mr. WILSON 
anemic, ahaa ——| PHoroGRAPHIc | PHoroGRAPHIC | PHoTO-VISUAL CoLor-INDEXx 

Mesvesl | von Zeipel MAGNITUDE MAGNITUDE MAGNITUDE 
Bess eeceanirae 740 13.50 14.10 13.40 | -+oM70 
| Se ey 238 13.58 14.27 | 12.48 +1.79 
eer 640 13.98 14.40 13.22 +1.18 
"Sere 263 14.22 | 14.53 13.41 +1.12 
Pee 250 14.50 | 14.81 13.91 +0.90 
epee 218 14.98 15.04 | 14.51 +0.53 
i. on sue eae 227 15.28 1s.25 | 14.60 +0.65 
as baaktiedig arate 258 15.70 ase. | 15.54 —0.02 
Rs aie week ien 609 16.00 | 15.66 | 15.70 —0.04 
Rise Cavqaatiae 1131 16.23 | 15.81 | 15.48 +0.33 
ee et 1055 16.49 | a 15.26 +0.69 
hes caved nacks 1327 16.82 | 16.17 | 15.49 +0.68 
Rint scape wend aeeee a eee 16.43 | 15.78 +0.65 
i iss. Aa ara ieee 17.63 16.79 | 16.38 +0.4I1 








* Variability suspected by Bailey. 


The close similarity of the photographic light-curves of the 
typical variables in Messier 3 makes possible the general represen- 
tation of them all by the single mean curve? which is tabulated in 
the first two columns of Table III and drawn as a full line in Fig. 3. 
Whatever irregularities may exist in the individual variations are 
smoothed out, of course, in this mean; and in particular the range 
may be slightly too small because the rapid variation at maximum 
is concealed to some extent by the length of exposures necessary on 
the Harvard plates. Also it is not likely, except in the mean curve, 
that the light actually remains constant for three hours at minimum. 
It is to be noted in this mean result, however, that both the form 

* Cf. Mt. Wilson Contr., No. 115, p. 13, n. 1. Ina recent letter Professor Bailey 


writes that the magnitudes are being revised on the basis of the Harvard Polar 
Sequence. 


2 Derived from Bailey’s Table XIX, op. cit., p. 89. 
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of the curve and the photographic amplitude of 1.2 magnitudes are 
much the same as those usually observed for isolated cluster-type 
variables. 

The derivation of visual or photo-visual curves for each of these 
variables would entail much work, but a mean photo-visual curve 
can be derived with considerable certainty and without difficulty 
through the determination of a composite color-curve. Making use 
of the remarkable similarity of the variables and noting that the 
slightly differing periods are not commensurable, we may, if we 


. Phase 
oto of2 044 





Magnitude 














Fic. 3.—Mean photographic and photo-visual light-curves of 103 cluster-type 
variables in Messier 3. 


choose, interpret the hundred magnitudes which are derived for 
variable stars from a single photograph of the cluster as a hundred 
different observations distributed at random along the light-curve 
of one variable—that is, along the mean light-curve. Similarly, the 
determination of the color at a given instant for the hundred vari- 
ables gives immediately a hundred observations for the determina- 
tion of a mean color-curve. Some of the periods, however, are not 
known accurately enough to allow the computation of phases for 
the time of observation, and the curve, therefore, gives color as a 
function of photographic magnitude rather than of time. To dis- 
tinguish this property it will be called a composite color-curve. 
For the measures of color, two pairs of photographs of Messier 3 
were made on December 20, 1917, each pair consisting of a 
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Vv 


PLATES 4309 AND 4310 


TABLE II 


PLATES 4311 AND 4312 














ARIABLE ’ Py R | 
eMlacnitele’ | ColorIndex | Fyptographic | Color-Index 
heats 15.06 —oMys5 14.68 | —oM37 
Mur seek 16.33 Jiidkiote eG: 16.30 +o.18 
a eae 15.54 —0.01 15.68 | -+0.08 
ee 16.28 +0. 36 10.34 | -+0.47 
io I5.Q1 +0o.19 15.68 | -+0.37 
oe here 15.41 Ye a: oe r ogre 
Pa caer 15.70 0.0 15.92 | 0.19 
* pee ae 15.70 +0.35 15.87 +0.47 
i ate 15.06 bi | 15.64 | {o-2 
tar awed 15.70 0.12 15.95 0.27 
re ae i 15.77 +0.44 | 15.51 +0.17 
elses 16.23 +0.44 16.24 +0. 23 
| 15.20 +o.08 | 15.39 | +0.12 
aa eciha 15.77 +o0.22 | 15.95 | -+0.52 
parte ets 15.33 +0.17 15.61 +0.39 
Bei aiae es 15.70 +o. 28 15.95 +0.52 
ae 13.95 +1.61 13.88 | +1.52 
16.2 +0.43 16.05 | -+0.24 
| Raabe 15.91 +o0.22 15.99 +0.52 
Ree oem 15.20 —0o0.08 } 15-39 | +0.05 
eee 2 15.87 +0.29 15.97 | -+0.36 
besveasda 15.65 +o.2t | 15.61 | +0.21 
Ste napa 15.49 +0.32 | 15.47 +0.34 
ah. Mees 16.20 +0.38 | 16.12 +0.38 
Be vtedhae & 15.83 +0.39 | 15.86 +0.39 
Des ibe dds I5.Q1 +0. 33 15.51 +0.36 
15.14 +0.21 | 15.34 | +0.12 
Ae rate oe 16 2 +o.42 | 16 05 +o 15 
JAE eye 15.61 +0.32 15.68 | -+0.25 
FOS 14.47 —0.29 14.83 | —0.09 
Ct 16.20 vasa tele 16.18 +0.38 
a te 15.91 Fe 22 | a | 1 209 
paw win 2 15.94 0.31 10.09 | 0.75 
SRE ae 16.46 +0.64 | 16.03 | +0.53 
hae oe 4 16 20 +0.46 16.09 | +0.35 
et esnetvies 15.938 +0.34 16.09 | -+0.59 
base, ier sa 15.41 +o.20 | 15 64 | +o 30 
MST age 15-77 +o oI 15.84 | +0.17 
15.36 +0.20 15.61 | -+0.30 
eneiee 15.93 +0.43 16.12 | -+0.50 
detaches 14.88 +0.14 15.08 | —0.05 
Bates at 14.62 —o.16 15.01 | --0.09 
Seo ehaws 14.97 —0.03 | 15.34 | +o.18 
ee eee 16.35 +0.S3 | 16.05 | +0.55 
Serine 2a I5.Q1 +0o.06 16.03 +0.08 
14.97 —o.16 oe fim 34 
pd arse 15.41 +0. 25 15.68 0.22 
cbse 15.91 +0. 24 15.92 +0.42 
saae eat 16.46 +0.72 16.34 +0.49 
oye 16.20 +0.67 15 87 +0.13 
iaewhen 16.28 +0.59 16.13 +0 .63 
hersese 15.14 +0. 21 15.61 
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i TABLE II—Continued { 
PLATES 4309 AND 4310 PLATES 4311 AND 4312 
VARIABLE | on a 
Pecerantic | Color-Index | Peete Color-Index 
| 4 ae ee | 16.33 | +0M66 16.23 +oM37 
) ot Pee | 25.40 | 6.03 | 435.6 +0.25 
| . = | . 28.a +0.27. | 15.25 +o.22 
Hl ee | 15.91 +0.09 16.10 +0.44 
i] | ares L @e7t% +0.14 15.44 +o. 26 
H OEscc.s. SEF. | 0.87 15.83 +0.37 
| ee eae [ee +0. 56 15.08 +0.16 
“Se 15.91 +0. 33 16.05 +0.50 
909....--. | 15.70 +0. 33 15.92 +0. 34 
re 15.55 +0. 38 15.54 +0.32 
‘| ae 16.26 +o.62 16.06 +0. 21 
ae 15.91 +o. 28 16.05 +0o.40 
) ee 15.91 +0.63 15.94 +0.48 
ae 15.87 +0. 37 15.97 | -+-0.49 
ine} ae 15.94 +0o.48 16.09 +0.59 
1 | ee | 15.33 +o.41 15.28 +o.12 
ee 16.38 | +0.66 16.12 +0o0.36 
oan 16.28 +0.44 16.24 +0.41 
Sealer 15.06 +0.02 15.34 +0.04 
| ae 15.66 | +0.38 15.68 +0.35 
a ee 16.09 +0. 46 16. 2: +0.49 
ee | 15.26 | -+o.15 . Bg.6e +0.27 
errr 15.05 +0.12 15.39 +o. 26 
_ See e.97 +0.56 15.54 +0.27 
ee 15.91 +0. 22 16.09 +0.55 
BB RAR 15.55 +0.22 15.73 +0. 39 
ee 14.90 | +0.16 15.08 +0o.12 
re 15.91 | +0.63 15.92 +0.44 
SR ae ) Seca —0.07 15.73 +0. 27 
| ae 15.11 +0.07 15.28 +0.15 
i ae 15.7 +o. 27 15.01 —0.15 
j ie 15.87 +o.11 16.05 +0. 20 
| RA ae | 15.83 | -+0.20 15.92 +0.44 
eee 15.91 +0.47 15.50 +0o.56 
ae | 5.02 | -+0.10 15.21 +o.08 
See 15.83 +0o.62 16.03 +0.57 
ee 15.91 +o. 28 16.05 +0o.19 
) ee 15.33 +0.20 15.2 —0o.10 
ee 15.87 +0.20 15.76 +0.30 
re 4.9 | -+0.13 15.87 +0.2 
eee 15.66 +0.34 15.76 +0. 33 
| Pe 15.87 +0. 24 16.06 +0.30 
SS 15.83 +0.39 16.05 +0.32 
Ha oe, ee ee 15.14 +0.07 15.39 +o. 23 | 
sae 15.98 +0.31 15.73 +0.13 
I eae: 15.41 +0.09 15.61 +o. 34 
HI Sree 15.91 +o. 26 15.97 | +0.12 
li DSS o 94.03 15.40 +0o.08 15.76 +0.42 
i | See 15.60 +o.18 15.92 +0.52 
i oe 15.41 +0.08 15.64 +0.37 
{| > aor 16.26 +0.74 16.23 +0.37 
Ht are I5.10 —0o.06 15.47 +0.25 
| a 
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photographic and a photo-visual plate. The photo-visual plates 
were interrupted when half exposed to obtain the photographic 
exposures, thus insuring the essential coincidence of the mean times 
of the two observations. Very rarely will an observation occur at 
such a phase of the light-variation that appreciable error in, the 
color can arise from this method of observing. The results of the 
measures are given separately for the two pairs of plates in Table IT. 
The first column contains the number of each variable in von 
Zeipel’s general catalogue, the second and fourth contain its ob- 
served photographic magnitude on the Mount Wilson system, and 
the third and fifth the difference between this magnitude and the 
corresponding photo-visual result. No. 318, a bright variable to 
which no type or period has been assigned, is not included in 
the discussion. 

A noticeable diversity of color for a given magnitude is evident 
in the plots of the individual results of Table II. This may be 
attributed to accidental error, or to real differences in the variables, 
or perhaps to actual differences in the color for a given magnitude 
on the ascending and descending branches. But taking the mean 
of the color-indices, grouped in order of photographic magnitude, 
a very definite composite color-curve is obtained for each pair of 
plates. As no material difference appears in the results from the 
two pairs, the normals for each are combined into the following 
means, which are graphically shown in Fig. 4: 


Mean Photographic Number of Mean 











Magnitude Variables Color-Index 
ON Oe acts Chea 7 | —0O.14 
et ee Pee 23 +0.05 
a Ree 26 +0.19 
8 re 39 +0. 27 
oh SEs eer 58 +0.34 
BOERS Zc sees de 38 +0.41 
See ee ee 13 +0.55 


From the mean photographic curve and this composite color- 
curve we obtain immediately for the variables of Messier 3 a mean 
photo-visual curve. The co-ordinates appear in the first and fourth 
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columns of Table III, and are plotted as a broken line in Fig. 3. 
Again the form of the curve, its amplitude, and the color variation 





Photographic magnitude 
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i! Fic. 4.—Composite color-curve of 103 cluster-type variables in Messier 3 
| 
TABLE III 





| 
\ MEAN PHOTOGRAPHIC AND PHOTO-VISUAL LIGHT-CURVES OF CLUSTER-TYPE 
VARIABLES IN MESSIER 3 








i | Mt. Wilson | Mt. Wilson Photo- 














i] are all sensibly the same as for the isolated cluster-type variables 
AW of the galactic system. The quantitative agreement of these dis- | 
tant stars with the local variables in phenomena of color is also 


| | Phase | Photo- Color-Index tna Phase Photo- Color-Index Visual 
| | _ graphic Magnitude graphic Magnitude 
i | | Magnitude Magnitude 
0.000. ..| 14.90 —oMo7 14.97 0.271.. 16.07 +o™42 15.65 
O.O1I...| 14.93 | —0.06 | 14.99 ©.283...| 16.08 +0.42 15.66 
0.023...| 14.96 —0.04 15.00 ©.294...| 16.09 +0.43 15.66 
6.0384... 15.00 —0O.OI 15.01 0.305.. 16.09 +0.43 15.66 
6.068 ....| “TS: 04 +0.01 15.03 6.287...] %6.t0 +0.43 15.67 
ii @.067,< |. 38-8 +0.05 15.06 0.328. 16.10 +0.43 15.67 
\} ©.005...) 25.17 +0.07 15.10 ©.339.. 16.10 +0.43 15.67 
i 0.079...) 15.23 +o.11 15.12 ©.350.. 16.10 +0.43 15.67 
i ©.090...| 3.32 +o.16 15.16 0.362...| 16.10 +0.43 15.67 
©.908... 15.39 | to.18 j 15.21 6.373...|; 16.10 +0.43 15.67 
@:384...| 33.48 +o0.22 | 15.26 ©.384...| 16.10 +0.43 15.67 
i) 0.124... 15.58 | +0.26 | 15.32 0.396...| 16.10 | +0.43 15.67 
| ©.1g0...| 1§.67 | +0.29 | 15.38 ©.407...| 16.10 +0.43 15.67 
i tae...) 38.73 +0.31 | 15.42 0.418...| 16.09 +0.43 15.66 
©.198...| 25:70 +0.33 15.46 ©.430...| 16.09 +0.43 15.66 
} ©O.270...| 25.34 | +0.34 | 15.50 C.441... 16.08 +O.42 15.00 
Hi o.181...| 15.87 | +0.36 | 15.51 0.452.. 16.06 +0.42 15.64 
5. ce8...1 5.08 +0. 37 | 15-54 0.464... 16.01 +0.40 15.61 
tI ©.204...| 15.04 +o0.38 15.56 ©.475.. 15.93 +0.38 15.55 
1 ©.3t5...} 2§.98 +0.39 | 15.59 @.4n0...| 28.97 +0. 33 15.44 
| 0.226...| 16.01 +o.40 | 15.61 ©.407.. 15.53 +0. 24 5.9 
@:937...| %6.03 +0.41 | 15.62 0.500.. 15.22 +o.11 15.11 
| ©.249...| 16.04 +0.41 15.63 ©.650....{ 25:00 +0.02 15.04 
/ 0.260...) 16.06 +0.42 | 15.64 O.531...| 14.96 —0.04 15.00 
1 aie: PC ce ie ES TORE : 
Hi | 
Hi 
| 
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important and favorable evidence of the accuracy of the photo- 
visual and photographic magnitude scales relative to each other, 
and of the absence of light-scattering in space. 


III. ON THE RELATION OF COLOR TO PERIOD FOR CLUSTER-TYPE 
VARIABLES 

In the third and fourth sections of the sixth paper of this series" 
attention has been called to certain properties of the different kinds 
of cluster-type variables. In w Centauri, for instance, the three 
subclasses defined by Bailey differ from each other in the form and 
amplitude of the mean light-curve, and most clearly in length of 
period. In Messier 3 and Messier 5, where nearly all variables are 
of the most typical kind, a second subclass is only sparingly repre- 
sented, but in Messier 15 the variables fall into two nearly equal 
groups. It appears definitely that the median intrinsic luminosity 
in all subclasses is photographically the same—an important phe- 
nomenon that a full interpretation of these variables must explain. 

The differences in period of the subclasses naturally suggest corre- 
sponding differences in the effective density; or it may be that the 
character of the underlying pulsation differs somewhat in the various 
groups. On the basis of the first alternative, if the mean densities 
increase with shortening periods’ while the photographic magnitudes 
do not change, we must expect the change in the surface area to be 
compensated by greater intensity of radiation per unit of surface, 
and investigations of the color phenomena for the different sub- 
classes should afford a partial test. 

In Messier 15 the faintness of the variables makes a detailed 
study of individual color-curves inadvisable at present, and accord- 
ingly the method used in the preceding note is employed to obtain 
composite color-curves for the two groups of variables. Professor 
Bailey has kindly communicated, especially for the present investi- 
gation, the preliminary results of his study of the periods and light- 
curves of the 53 variables in this cluster.4 One or two have periods 

* Mt. Wilson Contr., No. 151, 1917. 2 See sec. I of this Contribution. 

3w Centauri is too far south for detailed color investigations at Mount Wilson. 
Color-curves are being derived for the variables of Messier 5. 

4A preliminary report on his work is abstracted in Popular Astronomy, 25, 520, 
IQI7. 
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longer than a day, for several the periods have not yet been found, 
and for others accurate photometric measures are not possible. 





TABLE IV 


ComposITE CoLor-CURVES OF VARIABLES IN MESSIER I5 























| PLATES 4284-4285 PLATES 3986-30987 
. APPROXIMATE a ae 
VARIABLE Peston ee ; : 
PaeerePie | ColorIndex | Photographic | Violet-Index 

“ee a 0166 16.13 +oMs1 16.21 —oMro 

, SS eae 0.39 16.18 | +0.44 15.90 +0.03 

Bi cinhate ess 0.31 16.27 +0.44 15.85 —0O.12 

SD hie weaned die.4 0.38 15.90 +o.16 16.43 —0.29 

AP ee ere 0.67 16.13 +0.39 16.11 +0.05 

Datars se tan 0.35 | 16.27 +0.50 15.90 —0o.16 

Waal taeda’ ss 0.65 15.42 +0.06 16.03 —0O.01 
OOS fireliaaivie-< 0.72 15.49 +0.08 16.36 —0o.10 
Wee eae oss 0.40 16.27 +0.42 16.32 —0.12 
SE RL eee 0.34 16.18 +0. 23 16.03 —0.07 

es er °.59 | 16.22 +o. 28 16.34 —0.14 

a a 0.57 | 16.38 +0. 36 16.42 —0.02 

MRS ola ters 5% 0.38 16.10 +0.35 16.08 —0.20 

NE aids alt wig ates 0.58 16.13 +0.19 16.26 —0.24 

VERA 0.67 | 15.53 —0.20 15.85 —0o.10 

ss wsecan 0.37 15.49 —0o.16 15.90 —0.07 

EEE NP 0.57 16.47 +0.65 Ce Fo eeideckes 

| SRS eS 0.69? | 15.98 +0. 33 16.03 —0.19 

ee 0.72 15.98 +o.26 15.52 +0.13 

Rey 0.67 16.13 +0. 36 MS Lisotce shard ass 
|S ee ee 0.37 16.52 +0.68 zs.7 +0.02 
oe 0.67 16.27 +0. 33 16.42 —o.16 

eS ©.40 16.18 +o. 26 RE OB awa 

a eee C.57 16.10 +0.30 16.37 —O.12 
. ae 0.41 15.56 —0.09 16.03 —0.02 | 
ae Caer i 0.44 15.90 +0.19 Ty aw vide wae 
a Se 0.61 16.13 +0.31 15.75 —o0.08 
Se 0.38 15.900 | +0.19 16.44 —o. 28 
SD ih 4: 3 saws is 0.38 15.53 —0.23 16.44 —0.20 
B-o-5s + odes ©.39 16.06 +0.32 15.85 —0o.10 
Lage te 0.38 16.10 +0.33 15.90 +0.02 
Wei sass 0.42? 16.27 +0.56 16.03 —0O.O1 
NG S08 erie! cnt ws 0.36 15.49 —o.18 16.32 —0.27 
Bp iok< acess 0.29?? 15.66 —0.05 15.96 —0.03 
0 Eee 0.60 15.82 +0.08 16.35 —0.19 
ae 0.66 16.30 +0.54 15.96 —o0.08 
ere 0.38 15.56 | —o.16 15.82 0.00 
~  e ©.30 16.22 | +0.28 16.43 —0.17 
SP chev cees « 0.42 16.30 +0. 36 16.22 —o.06 











The 39 variables with periods less than a day, for which photo- 
visual and photographic magnitudes have been obtained from a 
pair of plates made on December 19, 1917, are listed in Table IV. 
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As a preliminary to the derivation of the magnitudes and colors 
of the third and fourth columns, it was necessary to study the 
comparison stars by means of a series of polar comparisons. At the 
same time colors were determined for a considerable number of 
other stars in the cluster. Since the discussion of magnitudes fol- 
lows the customary lines, all details may be omitted from this note. 

The color-index of each variable is plotted against photographic 
magnitude in the upper part of Fig. 5, the dots indicating variables 
with periods between 0457 and o71 and the crosses indicating those 


Photographic magnitude 
15.6 15.8 16.0 16.2 16.4 
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Fic. 5.—Composite color-curves of cluster-type variable stars in Messier 15; 
the dots refer to the longer-period subclass, crosses to the shorter-period subclass, 
and open circles to means of six values. 


with periods between of29 and of44. As in the preceding note, all 
dots may be interpreted as representing different observations on 
a single mean variable of period about 0764, and the crosses as rep- 
resenting different observations on a typical variable in the second 
group, with mean period of about 0436. The usual absolute values 
of the color and the usual increase of redness with decreasing bright- 
ness are shown by the observations; but no material difference 
appears in color for the two groups, except, perhaps, near maximum, 
where there is a suggestion that the stars with longer period are 
redder.’ 

The test for difference in color has been carried into the region 
of shorter wave-lengths by a pair of plates made September 11, 1917, 


t This would be in keeping with results for Cepheids with periods longer than 
aday. Cf. Fig. 1. 








40 HARLOW SHAPLEY 


in which, as a companion to an ordinary photographic plate, a 
photograph was made on a Seed 27 plate through a violet-color 
screen that transmits very little to the red of \ 4000 and has a 
maximum transmission at about A 3700. The results are tabulated 
in the last two columns of Table IV and plotted in the lower part 


TABLE V 


RELATION OF VIOLET-INDEX TO COLOR-INDEX FOR GIANT 
STARS IN MESSIER 15 








Star Photographic Color-Index Violet-Index 
Magnitude (Pg.—Pv.) (V.—Pg.) 
a aes alia 14.14 +1M32 | +oM70 
eee eee 14.51 +0.79 | +0.15 
Ee 14.58 +1.18 +0.42 
" See 14.81 +1.18 | +0.33 
Bit aye: 14.76 +1.06 | +0.46 
Bee ts Mee 14.98 +1.04 +0.14 
OE css sods orcs 15.01 +0.75 +0.13 
EN ae ie =8.2: +0.93 +o. 28 
es Se 15.40 +0.70 +o.16 
eee othe thi 15.68 +0.68 —0.03 
een 15.97 +0. 29 +0.01 
a ee 16.02 +0. 21 0.00 
aS ee 16.10 +o.18 —0.05 
a 16.60 +0.66 —o.06 
elteiie's..¢-0.< = 16.05 +0o0.64 0.00 
ge are 14.51 +1.23 +0.55 
Dis ecmdk <2: 15.07 +0.08 —0.09 
ee ae 14.17 +1.40 +o.78 
| a are 13.09 +0.45 +0. 36 
a ee 14.11 +o.61 +0. 36 
Ie ete: ale 12.81 +o.61 +0.34 
Ws dig eke vs 14.17 +I.15 +0.63 
Gs ides 0% 'o8s 14.51 +1.14 +0o.46 
Soa a 14.69 +1.28 +0. 36 
ES ee 14.18 +1.40 +0.65 
OR a heck ask ¥ 070.0 14.15 +1.41 +0.97 
Eee eee Baas} +1.52 +0o0.82 
OEM sy hie sc «9s 14.15 +0.60 +0.01 
eee 14.10 +1.29 +0o.87 
Ri 4 a cie bones 14.42 +1.66 +0.65 
Se 14.55 —0.37 —0.43 
Od ete bios4e 16.08 +o.46 +0.04 
EV REO ee 16.00 | +0.27 —0.02 


of Fig. 5, dots and crosses being used as before and open circles indi- 
cating means of six values taken in order of photographic magnitude. 

A full consideration of the decrease of violet-index, V.—Pg., 
with decreasing photographic brightness, which indicates a smaller 
range in violet magnitude than in photographic, must be deferred 
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until more definite information is at hand relative to the scale of 
violet magnitudes. As it now stands the violet-index for these 
cluster-type variables decreases as color-index increases—a result 
quite the contrary of the relation of the two indices shown in Table V 
for a number of typical invariable giant stars in this same cluster. 


SUMMARY 

1. The redder a Cepheid variable the greater is its intrinsic 
luminosity; a nearly linear relation connects absolute magnitude 
and color-index. 

2. The general characteristics of the luminosity-period curve of 
Cepheid variation (Fig. 1) appear to have a reasonable explanation 
on the pulsation hypothesis. 

3. For giant stars in at least four globular clusters the decrease 
of brightness with decreasing color-index parallels the same phe- 
nomenon for Cepheids. When median brightness and color are 
considered, the variables of a given absolute brightness are nearly 
four-tenths of a magnitude bluer than other giant stars (Fig. 2). 

4. The composite color-curve of more than roo cluster-type 
variables has been determined from two pairs of photographs of 
Messier 3 (Fig. 4). 

5. In range of variation, form of light-curve, and phenomena of 
color the variables of a globular cluster apparently are exactly com- 
parable with the average isolated cluster-type variable (Fig. 3). 
No evidence has been found that in different stellar systems 
Cepheids differ systematically either in median luminosity or in 
nature of variation. 

6. In Messier 15 two subclasses of cluster-type variables which 
have distinctly dissimilar mean periods show neither a difference 
in median photographic magnitude nor a difference in color at the 
median magnitude. At maximum, stars with shortest periods may 
be slightly bluer. 

7. Preliminary violet magnitudes of cluster-type variables indi- 
cate a smaller amplitude than in photographic light; for the giant 
invariable stars of clusters the violet-index, V.— Pg., increases with 
color-index and hence with increasing photo-visual brightness. 


Mount Witson SOLAR OBSERVATORY 
December 1917 








THE INFRA-RED ARC SPECTRUM OF IRON 
By H. M. RANDALL anp E. F. BARKER 


Captain W. de W. Abney,’ in 1881, in mentioning his failure 
to photograph the infra-red arc spectrum of iron, concluded that 
only those metals which volatilize at low temperature possess an 
infra-red spectrum. In 1912 H. Lehmann? published the infra-red 
emission spectra of numerous elements obtained by the phosphores- 
cent method, the extreme wave-lengths being about 15,000 A. Here 
the infra-red spectra were most successfully photographed for the 
easily volatilized substances, while no lines were found for iron. In 
the photographic region Geiger’ has obtained results extending 
nearly to1 wu. The four wave-lengths which he gives beyond 0.6 u 
have, however, not been verified by the present investigators. It 
would appear that he had attempted to extend his measurements 
beyond the proper limits of his observational method. More 
recently K. Burns‘ has worked in the photographic infra-red region, 
his published values extending to o.g yu. In this same region 
Meggers and Kiess* have recently obtained excellent results beyond 
©.9g wu, and some of their values in that region have been included 
in our tables. The region covered in the present investigation 
extends from gooo to 30,000 A and has been found to contain some 
fifty measurable lines. Iron was found to be a difficult material 
to work with, the first attempts being very unpromising, but gradu- 
ally the conditions necessary for the production of an infra-red 
spectrum sufficiently intense and steady for bolometric measure- 
ment were learned, so that in the region covered the infra-red iron 
spectrum is at present the richest in the number of its measured 
lines. As a large majority of these lines are weak, it is evident 
that the iron spectrum preserves in this region the characteristics 
of its photographic region. The extent and distribution of this 

* Proceedings of the Royal Society, 32, 343, 1881. 

2 Annalen der Physik, 39, 53, 1912. 3 Ibid., 39, 782, 1912. 


4 Lick Observatory Bulletin, 9, 27, 1913. 
5 Scientific Papers of the Bureau of Standards, No. 324, June 1918. 
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long-wave spectrum, together with the exactness of the measure- 
ments now possible, suggest that an attempt to extend the work 
of Gale and Adams' on the pressure-shift of iron lines into the 
infra-red might meet with success. Should any of the lines in the 
neighborhood of 25,000 A belong to their a group and the law hold 
that the shift with pressure varies as the third power of the wave- 
length, there should be a change in the wave-length of over 4A 
for an increase in pressure of 10 atmospheres, while lines of the d 
group would show a shift of more than 17 A. As it is probable 
that shifts of 1 A would be readily observed under conditions easily 
obtainable, it is evident that it is now possible to extend investi- 
gations of pressure-shifts of arc lines into the infra-red region. 

As the experimental arrangement of the mirror spectrometer by 
which the line spectrum of the iron, produced by a grating, is passed 
over the slit of a linear thermopile has been described in an earlier 
paper,” it will not be discussed here. The methods of observation 
are also essentially the same. The grating was that used in pre- 
vious work and was kindly lent us by Professor Hussey, of the 
Detroit Observatory. It is a flat six-inch grating with 15,000 lines 
per inch, ruled by Dr. Anderson, and has given very good service. 
The slits of collimator and thermopile were at first approximately 
o.2 mm wide and covered a spectral region in the neighborhood of 
1 uw of about 6 A, and at 34 of 3.6A. Later the entire spectrum 
was examined with a slit o.5 mm wide, and a very appreciable num- 
ber of weaker lines were found and measured. No systematic dif- 
ferences between the values of wave-lengths measured with the 
slits of different width were noticed. 

Through the kindness of Professor Campbell, of the department 
of chemistry, we obtained the American ingot iron with which the 
major part of the work was done. This iron is over 99.8 per cent 
pure, the largest single impurity being copper, which is present in 
the proportion of approximately 0.04 per cent. We also obtained 
through the courtesy of Professor Terry, of Wisconsin, a sufficient 
quantity of Burgess electrolytic iron to check up the results ob- 
tained with the other iron. None of the impurities, found in small 


t Astrophysical Journal, 35, 10, 1912. 
2H. M. Randall, Astrophysical Journal, 34, 1, 1911. 
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traces only in both irons, were found to give lines; in fact, as later 
experience has shown, iron less pure would probably have sufficed, 
as it is only when there are large quantities of volatilized metal 
present in the arc that the lines appear with sufficient intensity to 
be measured. 

The iron was placed in a boring in the positive carbon, the 
diameter of the hole being as large as the three-quarter-inch carbon 
would permit. To secure greater localization of heat in the metal 
the carbon was occasionally nearly sawed off immediately below 
the boring. The carbons used showed the several infra-red K lines 
and also two others, whose approximate values are 11,439 A and 
10,692 A. As these values do not correspond to any infra-red lines 
previously measured their origin is at present unknown. 

The currents necessary to volatilize the metal sufficiently to pro- 
duce measurable lines from the point of view of intensity and steadi- 
ness were very large, in general in excess of 60 amperes. Lines 
which are broadened unsymmetrically may very well have their 
measured values appreciably altered by the use of such currents, 
as was shown in earlier work, particularly with caesium,' although 
more recently? several barium lines capable of measurement with 
relatively small currents gave substantially the same values for all 
currents. At present there seems to be no way of avoiding large 
currents, and any estimation of the accuracy of determinations of 
wave-length must be qualified through this possibility of unsym- 
metrical broadening which cannot be allowed for in bolometric 
measurements on arc lines. Recently the inclusion of a very large 
inductance in the circuit has very effectively prevented the frequent 
extinction of the arc during observations. 

The wave-lengths given in the table are in angstrom units as 
measured in air according to the Rowland scale, the spectrometer 
being calibrated with the Hg line 10,140.15 A as measured by 
Volks. The intensities of the lines are indicated by the mean of 
the galvanometer deflections in millimeters of the separate deter- 
minations, two or more in number, when the o.5 mm slit was used. 


tH. M. Randall, Astrophysical Journal, 34, 12, 1911. 
2 [bid., 42, 200, 1915S. 


3 Inaugural Dissertation, Tiibingen, 1914. 
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These numbers given in the first column of the table are at best 
but a very rough indication of the relative intensities of the lines, 
as the deflections for any one line vary between wide limits, depend- 
ing upon the state of the arc, which is always very unsteady. The 
column headed ‘‘ Maximum Variation from Mean”’ will give a good 
idea of the reproducibility of results by the methods here used, as 
the values are those obtained independently by two observers work- 
ing at different times, the apparatus having been dismounted and 
otherwise used in the meantime. In general, unless otherwise 
stated, the values given are considered correct to within 1 or 2 A. 
This estimate has been verified whenever more accurate methods 
have furnished standards for comparison. In the present work six 
lines between 0.8 yw and 1 uw, measured two or more times, show a 
mean variation from values obtained photographically by Meggers 
and Kiess of o.g A, the maximum single difference being —1.9 A. 
This is the region of the spectrum where the bolometric method is 
least accurate. The smaller dispersion of the grating here, together 
with the intensity of the general radiation in the neighborhood of 
I uw, produces a strong background of rapidly varying intensity, so 
that the location of lines superimposed upon it becomes very diffi- 
cult. For the region between 0.8 u and 1y the photographic 
method is the more sensitive, yielding more lines; the lines so 
measured should be more accurate than can be obtained by our 
method. Beyond 1 yu, however, the bolometric method apparently 
becomes increasingly the more sensitive, and accordingly our values 
in and beyond this region become increasingly the more reliable. 

A number of the lines marked with asterisks have been measured 
but once, two years ago this summer. They were not found a year 
later when an attempt was made to measure them. While the 
measurements, when made, were so normal in all respects that we 
have great confidence in the lines, still the fact that they were not 
found again places them somewhat in doubt. The two strongest 
of the lines in this region, 25,987 A and 26,229 A, were found and 
remeasured last year, which strengthens the view that conditions 
at the first measurement were particularly favorable to the forma- 
tion of a spectrum, and that for some reason it was not possible to 
reproduce those conditions. 
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In a spectrum so rich in lines as that of iron it will naturally 
occur that a number of the infra-red lines will coincide, within the 
limits of accuracy obtainable in these measurements, with the 
higher orders of shorter lines. When the shorter lines are weak 
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(j) Absorption by water too complete to be 2d order of K7699.4 (10). | 
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their higher orders do not produce effects which are measurable 
radiometrically. With the strong lines absorbing screens have been 
used when possible to eliminate effects of higher order. In other 
instances the complete absorption of the observed lines by varying 
thicknesses of water and glass have shown them to be first-order 
lines of long wave-length. While some of the results in the fore- 
going table appear to be second orders of strong lines, it is thought, 
nevertheless, that in each case the effect measured is that of a 
superposed first-order line. 

We have been very materially assisted in part of this work by 
Mr. Jean Cooley, whose aid was made possible through a grant by 
the American Academy of Science, to which we wish to acknowledge 
our indebtedness. 


PHYSICAL LABORATORY, UNIVERSITY OF MICHIGAN 
November 19, 1918 








DISCUSSION OF SOME EVIDENCE ON THE ORIGIN OF 
RADIATION IN THE TUBE-RESISTANCE FURNACE!’ 
By ARTHUR S. KING 


In two recent papers? which give his very interesting observa- 
tions with the tube-resistance furnace, Dr. Hemsalech has reached 
some conclusions based on evidence which is not in agreement with 
experimental results obtained by the writer. In the interest of a 
proper correlation of all available data, so that we may the sooner 
see what conclusions may be safely drawn, a brief account of these 
points of difference will be given. 

Dr. Hemsalech, in observing the iron spectrum produced in a 
carbon-resistance tube at atmospheric pressure, did not find certain 
lines, notably the group near \ 4900 which is strong in the arc, until 
his furnace reached a temperature of about 2500°C. At this 
temperature he considers that the strong ionization known to take 
place within the tube, together with the potential difference of a 
few volts at its extremities, give a conduction of electricity through 
the vapor equivalent to a low-tension arc, and that lines of this 
type require such an electrical condition :or their production in the 
furnace. 

The effect of the ionized state within the tube on the radiation 
of the inclosed vapor is a matter which needs full investigation; but 
sufficient data on the electrical side are not yet available to justify 
the conclusion that the inclosed vapor carries a considerable part 
of the current, as compared with the highly conducting graphite 
tube, under the conditions which I have found to give spectra 
favorable for examination. In a former contribution’ I reported 
some observations in which I repeated the experiments of Harker 
and Kaye‘ on the ionization current between exploring electrodes 
and then measured the resistance between insulated electrodes 

* Contributions from the Mount Wilson Solar Observatory, No. 162. 

2 Philosophical Magazine (6), 36, 209, 281, 1918. 

3 Mt. Wilson Contr., No. 73; Astrophysical Journal, 38, 315, 1913. 

4 Proceedings of the Royal Society, 86A, 379, 1912. 
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placed within the tube as compared with that of the tube itself, 
titanium vapor at 2600° C. being present. The results showed the 
resistance of the vapor to be relatively high. 

Aside from the question as to how nearly the furnace at high 
temperature approaches a low-tension arc, the high-temperature 
iron lines referred to by Dr. Hemsalech have been obtained by me 
at temperatures much below those at which he considers that the 
electrical conductivity of the vapor becomes important. In my 
paper’ on the furnace spectrum of iron all of the lines of the A 4900 
group are recorded as appearing with fair intensity at temperatures 
between 2100° and 2300°, while the two strongest were perceptible 
at a temperature between 1800° and 1g00°. Since the publication 
of that paper I have occasionally photographed the iron spectrum 
under the more favorable conditions of improved furnace construc- 
tion and the use of the 15-ft. concave grating spectrograph, the first 
order of which gives very bright spectra with a dispersion of 1 mm = 
3.7A. The group at A 4900 proved more sensitive than the former 
results indicated, the two strongest lines, \ 4921 and A 4958, being 
visible at 1650° with an exposure of 110 min., while the entire 
group, including the weaker components of the doublets, was well 
developed at 2000° with an exposure of 15 min. In fact the later 
experiments have shown that the classification which I have adopted 
does not require temperatures which Dr. Hemsalech regards as 
giving a low-tension arc. Iron lines of Classes I, II, and III may 
be classified according to their behavior at 1700° and 2000°, while 
2350, in conjunction with the arc intensities, serves to place the 
lines of Classes IV and V. This latter temperature was used as 
the high-temperature stage in a study of the ultra-violet portion 
of the iron spectrum now being completed. Higher temperatures 
increase the width of reversals and may bring out a very few extra 
lines, but they soon give difficulty on account of the stronger con- 
tinuous ground, the emission of which finally balances the emission 
of most of the metallic lines, while the more reversible ones appear 
in absorption. 

As the furnace of Dr. Hemsalech was operated at atmospheric 
pressure, which might affect the vaporization point of iron, I have 


* Mt. Wilson Contr., No. 66; Astrophysical Journal, 37, 239, 1913. 
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made a series of tests with air present, but the differences between 
Dr. Hemsalech’s observations and mine are not to be ascribed to 
this feature. I obtained all of the lines of the \ 4900 group at 
atmospheric pressure, the temperature not rising above 1850°. An 
interesting effect, however, was a much increased chemical action 
with air present. Iron, when fused in the furnace, forms a carbide 
in vacuum, which sticks to the tube but does not penetrate deeply. 
With air present this action was much stronger. The iron ate 
into the tube and, when the latter burned thin through long use, 
dropped through the wall in several places. The tube was used 
in air without protection other than being in the steel chamber, 
the window-holder of which was removed. When operated first 
in vacuum and then with air present the change to atmospheric 
pressure caused a temperature increase of from 50° to 100° with the 
same impressed voltage, though the thinning of the tube gave a 
lower average current. The iron spectrum was very bright, but 
the most notable difference relative to the vacuum spectrum was a 
high intensity of the more reversible lines. The cyanogen (nitro- 
gen ?) bands were strong at 1850". 

Obviously it must be assumed that there is no large discrepancy 
between the temperature measurements of Dr. Hemsalech and the 
writer. The Wanner type of pyrometer was used in both cases, 
and with ordinary care this instrument, when properly adjusted 
with the standard lamp, and the current through the pyrometer 
lamp kept constant by means of a milammeter, gives very consistent 
readings. The extreme upper and lower temperatures measured 
by us were nearly the same, my photographs showing, like his, 
that a few iron lines are emitted at as low a temperature as 1500° C.., 
the formation of the carbide evidently lowering the melting-point 
of iron. 

Dr. Hemsalech in his latest paper’ describes an experiment in 
which he avoids exposing the vapor to a potential difference by 
constructing a chamber resting on a graphite plate, the latter carry- 
ing the heating current. Judging from the drawing, the maximum 
temperature given by the hot plate was applied along only about 
one-seventh of the periphery of the four-sided chamber. The 


* Op. cil., p. 290. 
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fusion of both iron and copper in this inclosure failed to show a 
spectrum for either, and Dr. Hemsalech concludes from this that 
their line spectra are not to be excited by purely thermal means. 
Granting, however, that a potential difference was thus avoided, 
it would seem that if the temperature were high enough (pyrometer 
readings are not given) and the means of observation sufficient a 
large group of iron lines which are subject to thermo-chemical 
excitation should have appeared. This is the stimulus which 
Dr. Hemsalech believes produces the spectrum shown by the tube 
furnace up to 2500°, and there was full opportunity for the forma- 
tion of iron carbide and for chemical action resulting from the 
presence of oxygen. 

I must further call attention to two investigations in which 
furnaces, which seem to differ in no essential respect from this 
“hot plate’ furnace, produced line spectra. The first case was 
when the writer’ vaporized substances within a bored-out carbon 
placed horizontally and heated at its middle by an arc formed 
between the side of this carbon and a vertical electrode beneath. 
With this crude furnace, some twenty-eight lines of iron and three 
of copper were photographed. I may say in passing that the lines 
from the various elements studied in this furnace have correspqnded 
fully with their low-temperature spectra when produced by the 
tube-resistance furnace at present in use. 

The second furnace of this type was constructed by Hale, 
Adams, and Gale? in the course of their investigation of sun-spot 
spectra. A powerful arc passed between two horizontal carbons 
and heated the upper side of a carbon tube containing the sub- 
stance to be vaporized. The temperature inside the tube was 
probably below 2000", as titanium could not be melted, but a fairly 
rich iron spectrum consisting of the low-temperature lines was pho- 
tographed in the green-yellow region. In both of these arc-heated 
furnaces a potential difference in the iron vapor is avoided. 

A third point in the last paper’ by Dr. Hemsalech on which I 
wish to present additional data is the failure of his tube-resistance 


* Astrophysical Journal, 21, 236, 1905. 


2 Mt. Wilson Contr., No. 11; Astrophysical Journal, 24, 185, 1906. 
3 Op. cit., p. 288. 
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furnace to show the spectra of copper, silver, and zinc. He was 
unable to obtain any lines of these elements even at high tempera- 
ture and concludes that in addition to showing no spectroscopic 
reaction at moderate temperatures their vapors are so poorly con- 
ducting that they do not respond to the potential gradient when 
more highly heated. 

As to the appearance of copper lines in the furnace, I must again 
refer to my observations with the tube heated by an external arc. 
To obtain further data on the question raised by Dr. Hemsalech 
I have used copper and silver in the tube-resistance furnace and 
have photographed some of the stronger lines of each element, 
both in vacuum and at atmospheric pressure. The temperatures 
ranged from 2000° to 2150° and the spectrum was examined from 
X 3600 tod 5800. With silver, AX 3682, 4055, 5209, 5466 appeared 
distinctly and with copper, not only AA 5106, 5700, 5782, observed 
previously with the external-arc furnace, but also \ 5153 and 
‘5218 were now photographed. Some strong arc lines in this 
region failed to appear in the furnace at the moderate temperature 
used, but these are mainly of diffuse structure, a type which in 
general requires higher temperature. The period of strong emis- 
sion is brief, the line \ 5106 of copper narrowing during a ten- 
minute exposure from a width of over an angstrom to a sharp 
maximum. This is readily explained by the behavior of the copper 
and silver, which, instead of sticking to the carbon and remaining 
in the hot portion, condense near the cool ends of the tube. This 
could be avoided by a spraying apparatus, giving a continuous 
supply. Zinc was not tried with this furnace, but in previous 
experiments I have found it to give the same trouble, forming 
filmy slag across the opening of the tube. 

Summarizing these experiments, it is seen that for the high- 
temperature lines of iron, for the production of the iron spectrum 
without a potential gradient, and for the spectra of copper and 
silver in the tube furnace, some feature of Dr. Hemsalech’s experi- 
ments has prevented the observation of spectrum lines which can 
nevertheless be produced under conditions which I believe invali- 
date the conclusions which he draws from his results. I make no 
plea for the existence of a purely thermal radiation, which I have 
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long maintained is not to be proved by means of the tube furnace; 
still a clear disproof of the possibility of producing spectra by this 
means is yet to be presented. Dr. Hemsalech’s work has done 
much to show the importance of possible chemical actions, and I°* 
believe this feature of the furnace radiation deserves to be, taken 
into account at every point. But whatever processes of this 
nature may take place within the tube in any given experiment, 
they are controlled by the temperature, and according to present 
evidence it appears legitimate to employ the electric current to 
produce this temperature. 


Mount WILSON SOLAR OBSERVATORY 
November 109, 1918 








THE INFRA-RED ARC SPECTRA OF COBALT, NICKEL, 
MANGANESE, AND CHROMIUM 
By H. M. RANDALL anp E. F. BARKER 


Measurements in the infra-red region of the spectrum have 
yielded such fruitful results in developing the series relations of 
numerous elements that the major part of the work in this field 
has been done for this express purpose. There remain, however, 
the same general reasons for mapping out the spectra of all elements 
beyond the photographic region on the side of long wave-lengths 
as exist for the numerous investigations within that region. As it 
seemed probable that the technique developed during the measure- 
ment of the infra-red spectrum of iron’ would serve equally. well 
for the allied metals, cobalt, nickel, manganese, and chromium, it 
was decided to continue the work with these elements. The experi- 
mental arrangement remained the same, as did also the experi- 
mental methods. With the exception of manganese, which 
volatilized readily and gave a comparatively steady arc which 
yielded the strongest lines of any of the metals of this group, the 
metals were very similar to iron in their action in the arc. Nickel 
and cobalt produced possibly an even more uncertain arc than iron. 
While it would not be easy to say wherein the differences lay, it 
was nevertheless the experience of both observers that a certain 
amount of facility in using each substance in the arc was necessary 
before an arc of an intensity and steadiness sufficient for observation 
would result. } 

The materials used were the ordinary c. p. metals of commerce. 
This degree of purity seems at present sufficient, as no lines due to 
any of the impurities likely to be found in the samples used were 
actually found. In fact a large majority of the lines appeared 
sufficiently intense for measurement only when a fairly large 
quantity of material was in the arc and there was obviously exces- 
sive volatilization, the arc burning very noisily. The currents em- 
ployed were again large, being in general between 60 and 80 amperes. 

* Randall and Barker, “Infra-Red Arc Spectrum of Iron,” Astrophysical Journal, 
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The spectrum of each material was in general twice searched, 
once with narrow slits corresponding to a spectral region before 
the thermopile of from 6 A at 1 uw to 3.6A at 3 yw, and once with 
double slit-widths. With cobalt the region covered extended 
from o.gu to 2u; with nickel from o.gyu to 34; the:region 
between 2u and 3 yu, however, was gone over but once. With 
manganese the region from 0.9 uw to 2 uw was covered twice and from 
2uto3ponce; with chromium from 0.9 u to 3 uw twice. 
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In a number of cases the values obtained agree within the 
limits of experimental error with previously measured lines of 
other elements. In each case, however, the strongest lines in the 
spectra of these other elements have not appeared, so that the lines 
in question have been considered new lines properly belonging to 
the substance under examination. In the case of manganese 
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measurements on a number of the lines of greatest intensity were 
made by our colleague, Dr. Sleator, the results being practically 
identical with our individual determinations. 





COBALT 
| | oy 
, Maximum | | . 
Wave-Lengths | om io | Number of anes 
Rowland Scale | Prins sel Intensity Detenniantiens Remarks 
= ae 1.2 | 10 2 | M. and K. gog5.8 
OS ee 0.4 40 2 | .M. and K. 9357.4 
ouss.6...... 0.9 100 3 | M. and K. 9544.9 
95908.4...... 1.4 30 2 | M. and K. 9508.3 
A: SEE, Re 20 I | Found but once, doubtful 
so096.6...... i | 30 3 | Possible error +5 A®° 
20826.7...... o.I 15 2 
> Se 1.9 20 | 3 , 
ae 3-9 15 | 3 Possible error +5 A° 
50050.7..«.-. 0.2 40° 2 
SORES. Scan: as 0.3 20 2 
ES ae 0.5 10 2 
eee i 40 Ss ene. ends 
fo Serer 0.6 15 2 
14610.9...... °.0 35 2 
14680.9,..... 0.6 20 3 
14958.0...... 1.0 30 2 
15209.6...... 1.2 15 2 
ae | 0.3 50 | 3 
16256.9...... 2.1 50 3 Possible error +3 A° 
«ee s.% 30 3 
i ee 1.4 20 | 2 
eS 0.2 30 2 
57604 .0...... 0.3 50 | 2 
EeOGO.4...... 2.6 30 | 3 | Possible error +5 A® 
ae 0.8 30 2 | 
SS eee 0.4 20 2 
BO770.7. 065. 0.0 30 | 2 
| 


In the case of chromium there are between o.9 uw and 1.3 yu 
twenty-five measurable lines, while in the corresponding region of 
manganese there are but six lines, the region between 0.9 yw and 
1 uw being entirely free, a very remarkable fact in view of the rich- 
ness of this region for nearly all materials so far examined. In 
manganese in the interval from 1.3 4 to 1.7m are found fifteen 
lines, the majority of its entire number, while the corresponding 
region for chromium is quite empty, there being but two or three 
lines. From 1.7 onward chromium has sixteen lines, while 
manganese has shown no lines of measurable intensity. This alter- 
nate arrangement of the spectra of these nearly related elements 
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is rather striking, though probably without special significance. 
It is noticeable that there is in chromium, as in the case of iron, 
a group of lines found in the region of 2.5 « upon which but a single 
measurement has been made. These measurements were in every 
way normal and all the lines showed complete absorption by a 








MANGANESE 
| 

Wave-Le Maximum | . | Number of 

oa ad en a. | Intensity pane Remarks 

se ae ee 80 3 

8703.1...... 0.6 | 100 2 

re 0.4 80 2 
—o °.0 15 2 
a! re 2.0 } 4° | 5 
ft Se 2.7 60 4° | Possible error =3 A? 
TEESE OE pre 7s EOS Pree pares | Very doubtful; not found a 

| second time 

12900:3...... 1.4 80 4 
7 ee °.9 40 5 
oo ee a 5° 3 
oS » ee 0.6 | 30 | 5 | 
| 0.5 80 2 
eee -_ 100 3 
i SS eae 1.8 | 200 6 
. ee 0.2 80 2 
2 ae 1.6 100 5 
z3007.0...... 1.6 120 5 , 
%4970.5...... 3.8 30 4 | Possible error =3 A 
it) 2 See 0.5 80 3 
35263.8...:.. 0.8 200 3 
i ‘8 200 3 
os) i ae 0.6 80 2 
+, ee 1.0 20 3 


a Value possibly influenced by 11771.7 K, carbon impurity. 


water screen 1cm thick. We have therefore considerable con- 
fidence in their reality but can give them here only provisionally, as 
we have been unable to find them a second time. It might be 
noticed that this group, as well as the one in iron whose members 
could not be measured at will, lies in the absorption band of water 
vapor at 2.5 uw, and that during the summer months the basement- 
room in which the work was carried on was comparatively damp. 
As by our optical arrangement the radiation from the arc passes 
through about 3 m of air it is quite possible that considerable energy 
is absorbed by the intervening vapor. 
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In the tables the mean of the observed values appears in the 
first column measured in angstrom units. The values when not 


CHROMIUM 





Maximum 
Variation Intensity 
from Mean 


Number of 
Remarks 


Wave-Lengths 
Determinations 


Rowland Scale 








| ae 0.3 160 2 Meggers value on Row- 
land scale 8947.5 

Be Sas 0.4 30 2 Meggers value on Row- 
land scale 8977.1 

a ee 2.8 300 6% 

860.6. ..... 0.7 20 2 

O066.3...... 2.0 30 3 

@200.6...... 1.6 150 4 Meggers value 9290.8 

O667-0...5.. 0.6 150 3 

SS’ ae £2 150 3 

8 ae 78 5° 4 

ee ‘5 120 5 

ee 1.1 20 4 

BOpSe .0...... 0.9 20 2 

ROuee.3...... 2.3 35 2 

Roege.@...... 0.6 30 2 

TOUIO.0...... °.8 40 2 

T0900:2...... 3 60 4 

eee 2.9 80 5 Possible error +4 A 

yeaa? 6. 2655. 1.4 go 6 

ee 0.7 20 2 

ae) aa 0.6 40 2 

ke ae 2.6 50 5 Possible error +3 A 

lO 1.0 40 2 

5 a ee 0.8 100 5 

RS Nieeu 1 s-40% ¥.d)0-<0 ge 20 I 

Eueeo.0...... 4.4 30 4 Possible error +3 A 

eS 0.6 30 3 

SS eee 4.1 30 3 Possible error 5 A 

ee 1.6 30 4 

ae .. 30 2 

0727.6. ...%. 0.5 20 2 

S.A ES re 15 I 

ES a re 10 I 

SS 10 * I 

Oy ee ee ree 20 I 

A eee eee fo) I 

0 Ea A ee 10 I 

as SR dia ese be s:9 6's 5 I 

se) Sree See 10 I 

SEY ee 20 I 

ira 5 Sligs.s snes <4 IO I 

BI or eehi ic cecesceess 20 I 


a Broad line. Possible error 4 A. Meggers value go16.5 (Mean). 
* The following lines are to be considered doubtful until verified. 














otherwise stated 
angstrom units. 


are supposed to be accurate within one or two 
The intensities are determined by a very rough 


en ne ne See 
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mean of the galvanometer deflections during measurement. They 
have some significance as rating the intensities of the lines of any 
one element, but have very little as a means of comparison of 
intensities between lines of various elements. 

A number of the lines in the tables are multiples of strong lines 
of short wave-length. It is thought, however, that in each case it 
has been established that the higher-order line of short wave-length 
is superposed by a line of long wave-length of the first order. In 
some cases, where it has not been possible to screen out the line of 
higher order, it is quite probable that its presence has somewhat 
affected the value ascribed to the line under observation. 

As an infra-red region up to 1 uw was regarded as properly within 
the field of photographic methods, only a superficial examination of 
this region was made in this work. This largely accounts for the 
fact that we have not measured all the strong lines which the recent 
work of Meggers and Kiess shows to be here. Such lines as we 
have measured, as the comparisons in the tables show, have a 
somewhat higher accuracy than we have claimed for them, taking 
the photographic values as standards. The mean departure of 
all our measured lines below 1 yw, 19 in number, including quite 
a number of lines shorter than o.9 uw not contained in the tables, 
is 0.6 A, while the maximum variation is 1.9 A. The superiority 
of the photographic method in registering faint lines is made very 
evident by these investigations, and it may be safely concluded that, 
except possibly in special cases, the infra-red spectrum up to 1 y is 
properly a photographic region. 

Surprisingly enough, the same cannot yet be said of the region 
immediately beyond 1 yu, in which photographic observations have 
been taken with apparently as great success, in the case of Ni to 
10,843 A, Co to 11,623 A, and Fe to 10,689 A. A comparison of the 
results obtained photographically and radiometrically shows no 
cases which are unquestionably in agreement, though there are in 
the foregoing regions twelve radiometrically determined lines and 
many more photographic lines. 

Confidence in radiometric measurements jn this region is based 
upon the following general considerations: The radiometric 
methods here employed, as well as that earlier used by Lewis,’ 


t Astrophysical Journal, 2, 1, 106, 1895. 
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which is similar, have given values between 0.7 uw and 1 yw, which 
have been substantiated by subsequent photographic results. The 
results under comparison are in fact an instance of such a confirma- 
tion. The same lines beyond 1 » have been measured by different 
observers using different gratings and making determinations in 
higher orders for the strong lines with closely agreeing results, and 
finally with those substances for which there are series relations 
there have been numerous instances in which the radiometric 
values beyond 1 yu have so perfectly met the requirements that the 
confidence in their accuracy has become very great. 

Since the particular lines in question have been measured under 
usual conditions of observation and have shown no peculiarities 
during observations, but have, on the other hand, been quite 
normal in all respects, there appears to be no reason for question- 
ing their accuracy. In this work also we wish to express our 
indebtedness to the American Academy of Arts and Sciences 
for a grant from the Rumford fund which enabled us to obtain 
the services of an assistant. 


PuysIcAL LABORATORY 
UNIVERSITY OF MICHIGAN 

















MINOR CONTRIBUTIONS AND NOTES 


A STAR WITH DISAPPEARING BRIGHT LINES 


In the Journal of the Royal Astronomical Society of Canada for 
November 1918 (12, 462), Director J. S. Plaskett, of the Dominion 
Astrophysical Observatory at Victoria, shows from measures of 
four spectrograms that the radial velocity is variable of the star 
Boss 5918, which is B.D. +47°3985 (a=22553™, 6=+48° 9’, 
mag.=5.20, spectrum=B3). An examination of our plates and 
measures of this star brings out a further point of interest, which 
is worthy of mention, namely, that the spectrum now does not show 
bright hydrogen lines (or bright fringes beside the dark lines), 
although they were conspicuous in 1913. 

Our available plates are as follows: 





No. Date G.M.T. Quality Taken By 





F(R | 1913 July 28 | 18%52™ | Good | B,S 
po” Neds Cape oars | Aug. 4 | 17 28 | Very good F,S 
SOU is 3 hida 0 Oct. 9 | 1431 | Tiweak | F,S 
Bees ch ae 63 | 1918 Aug. 5/} 18 22 Good W,S 

° 21 34 | Good B,S 


SNE is as con | * Aug. 3 


B=Barrett; F=Frost; S=Sullivan; W=Miss Wickham. 


The first two plates were measured in 1913 by myself and 
yielded values of —11 and —15 km per sec. as the radial velocity 
from the four dark hydrogen lines, e, 5, y, and 8. It was noted 
in the measures of the first plate that there were “bright fringes 
on each side of Hf.” On the second plate, settings were made on 
the edges of the fringes. Expressed in kilometers of velocity, and 
in angstroms, the widths were: 


Bright fringe toward violet........ — 239 to —111 km=2.06A 
| Ea rg ly as ne eae —111to+ 16km=2.05A 
Bright fringe toward green........ + 16 to +178 km=2.61A 


In other words dark 8 was of the same width as the more refran- 
gible bright fringe and somewhat narrower than the fringe toward 
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the green. If we should consider the dark line as superposed on 
a bright band 6.7 A wide, it was displaced toward the violet from 
the center by about 0.3 A, or about 17 km. 

On the third plate the fringes at 8 are strong, and at y the one 
on the side toward green is visible. This plate was not measured, 
because the comparison lines were too weak to yield a good result. 

This kind of appearance at Hf is not at all unusual for A spectra 
with bright lines, but it is not often that we can establish a variation 
in the intensity of the emission lines. Our two plates taken in 
August 1918, however, do not display a trace of the bright emis- 
sion lines, and the entry was made on the observing card at the 
time by Professor Barrett, after examining the plates: “Bright 
lines variable ?”’ 

Mr. Plaskett makes no mention of bright lines in the notes 
describing this spectrum, and in response to my inquiry he states 
that no bright fringes are visible upon a re-examination of the 
Victoria spectrograms. 

Professor E. C. Pickering’s letter with regard to the matter 
reads as follows: 


An examination of our photographs of the spectrum of H.R. 8731, a 2258”, 
8 +48°9’, by Miss Cannon, shows that on a photograph taken with the 8-inch 
Bache Telescope on November 18, 1887, and on photographs taken with the 
11-inch Draper Telescope on November 5, 1904, October 27, November 14, 
and November 19, 1905, all the lines are dark. H£ is a well-marked dark 
line with no appearance of bright edges. On a photograph taken November 3; 
1913, with the 8-inch Draper Telescope, the line HB is not clearly seen and 
certainly is not present as a strong dark line. 

A list of stars having bright hydrogen lines was published by 
Mrs. Fleming in Harvard Annals, 56, Part VI, pp. 181-84. It 
describes the variations of the lines so far as known at the date 
of that publication. Miss Cannon’s recent important paper on the 
same subject is No. 3 of Vol. 76 of the Harvard Annals. 

EpwIin B. FRost 

YERKES OBSERVATORY 

January 3, 1919 


























REVIEWS 
Science and Learning in France, with a Survey of Opportunities for 

American Students in French Universities: an Appreciation by 

American Scholars. By JoHN H. Wicmore, Editor-in-Chief. 

Chicago: A. C. McClurg & Co., 1917. Pp. 454. Illustrations 

58. Price, $1.50, cloth; $1.00, paper. 

“To the Scholars of France, worthy custodians of their country’s 
intellectual greatness, this volume, prepared in a time when France 
has reached the heights of moral greatness, is offered with heartfelt 
admiration and sympathy in the name of the Scholars of America.”’ 

There are two introductions: the first, entitled “‘The Mind of 
France,”’ by former President Charles W. Eliot, which occupies 
three pages and is adorned by a photograph of Rodin’s Le Penseur; 
the second, a charming essay of a dozen pages entitled “The Intel- 
lectual Inspiration of Paris,” written in that city in September 
1916 by George E. Hale. 

The different branches of learning, from anthropology to 
zodlogy, are dealt with in successive chapters, each under. the 
editorial care of a drafting committee of well-known American 
teachers. The chapters are embellished with excellent portraits 
of distinguished French scholars and with views of famous educa- 
tional buildings of Paris and of the interiors of some of the labora- 
tories. The aim in each section is to show the splendid intellectual 
past in France in that department and to indicate the present 
opportunities for American students who may desire to add a 
residence in Europe to their preparation for a specialty. Of course 
Paris receives the major part of the attention, but practical informa- 
tion is given in two appendices, of which the first is entitled “‘ Edu- 
cational Advantages for American Students in France: with a 
History of the Recent Changes in its University System,” by 
Professor James Geddes, Jr., of Boston University; the second 
discusses “Institutions of Higher Learning, Their Organization, 
Degrees, Requirements, Fees, etc.,’’ by Professor C. Vibbert, of the 
University of Michigan. 
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A third brief appendix of twelve pages on practical suggestions 
to the intending graduate student is also by Professor Vibbert. 

The book makes a valuable beginning in introducing the learning 
of France to the American student. It would, doubtless, be 
improved in a second edition. Its errors in the departmental 
chapters are probably more those of omission than of commission, 
although the reviewer notices both in the section on astronomy. 
The general approval of Americans of the purpose of the book is 
evidenced by the list of about 1000 “‘sponsors,”’ of whom it is said, 
“These American scholars have expressed a cordial desire to join 
with the authors in making this book a national homage, offered 
from the Universities of America to the Universities of France.” 

We bespeak for the book a wide circulation and use. It should 


be in every college library. 
F. 





